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ABSTRACT

NThe bistatic radar cross section of a perfectly conducting flat plate that has
a rhombus shape (equilateral parallelogram) is investigated. The Ohio State Uni-
versity electromagnetic surface patch code (ESP version 4) is used to compute the
theoretical bistatic radar cross section of a 35- Y× 27-in rhombus plate at 1.3 GHz
over the bistatic angles 15' to 142. The ESP-4 computer code is a method of mo-
ments FORTRAN-77 program which can analyze general configurations of plates
and wires. This code has been installed and modified at Lincoln Laboratory on a
SUN 3 computer network. Details of the code modifications are described, Com-
parisons of the method of moments simulations and measurements of the rhombus
plate are made. It is shown that the ESP-4 computer code provides a high degree
of accuracy in the calculation of copolarized and cross-polarized bistatic radar cross
section patterns. Mef, ( " ( j
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1. INTRODUCTION

In radar cross section (RCS) measuremcnts of complex: targets it is desirable to make additional
measurements of reference targets such as fiat plates and cylinders for which the radar cross section
is readily computed. These reference targets are used in checking the calibration, target quiet-zone
characteristics, and mechanical alignment of the measurements system. This report addresses the
simulated RCS of a perfectly conducting flat plate used in bistatic measurements. Depicted in
Figure 1-1 is a typical geometry for bistatic RCS measurements. The angle 0 denotes the bistatic
angle which is fixed. and the angle 0 denotes the target rotation angle or aspect angle.

RECEIVE

RECEIVE

TARGET
POSITIONER

TRANSMIT

Figure 1-1. Geometry' for bistatic radar cross section measurements. The angle 5 is
the bistatic angle, and the angle 0 is the target rotation angle.

Except for spheres and cylinders, little published data exist for the far-field bistatic radar
cross section of targets [1-31. The bistatic scattering from a sphere is readily computed [4] and is
often used as a primary calibration standard in RCS measurements. Bistatic scattering analyses
and measurements for a conducting cylinder of finite length are described in [5-8]. Monostatic
scattering from square and circular flate plates is treated thoroughly in [1-3]. A physical optics
formulation for the bistatic scattering of a polygonal flat plate is reviewed in [3], The bistatic RCS



of rectangular and triangular plates has been calculated in (8]. The purpose of this report is to
compare simulated and measured data for a rhombus-shaped (equilateral parallelogram) flat plate
over a broad range of bistatic angles.

A method of moments code called ESP-4 (electromagnetic surface patch code: version 4) which
is capable of analyzing a wide variety of antenna or radar cross section problems has been devel-
oped at The Ohio State University [9]. The software can analyze complex geometries involving
multiple-connected plates and/or wires and is well-suited to analyzing the scattering from an iso-
lated quadrilateral plate like the rhombus. Many of the subroutines in the ESP-4 code are based on
subroutines from an earlier wire-grid RCS/antenna method of moments code developed by Rich-
mond [10. Wire-grid modeling of a continuous surface, such as a fiat plate, is approximated with
closely spaced conducting wires [11]. A similar wire-grid moment method computer code is de-
scribed in [12). In contrast, surface patch modeling allows a piecewise-continuous approximation to
a complicated surface. Surface patch modeling requires fewer unknowns than wire-grid modeling:
hence. larger surfaces can be modeled. ESP-4 utilizes the electric field integral equation (EFIE)
to enforce the boundary condition of the tangential electric field being zero at the surface of the
antenna/target of interest. The EFIE solution allows ior either open or closed surfaces. The basis
and testing functions used in this code are piecewise sinusoidal. The surface patches (or surface
current modes) are assumed to have zero thickness and are quadrilateral dipoles which are useful
in modeling an arbitrary-shaped body. For a complete description of the theory and capabilities
of the ESP-4 code, the reader is referred to the user's manual 19]. Other moment method codes
exist which are based on the magnetic field integral equation (MFIE) fo: closed surfaces [13,14]
and EFIE for arbitrary surface.- 115-17). The EFIE m't.nent method formulation used in [15-17]
differs from the ESP-4 formulation in that triangular-shaped basis fi,nctions with pulse weighting
are used for the surface current mode vectors.

This report is organized in the following manner: In Section 2, details of the modifications
made to the electromagnetic surface patch code ESP-4 are given. The basic modifications of the
ESP-4 code are a change in the input data structure ..nd a new option for fixed bistatic angle RCS
patterns. A listing of the revised ESt' -4 main program is given in the appendix. Bistatic RCS
patterns for a 35- x 27-in rhombus flat plate at 1.3 GHz are computed with the ESP-4 code and
the results are given in Section 3. Bistatic angles from 15' to 1420 have been considered as well
as two plate orientations (untilted and tilted). The method of moments simulations are compared
against measured data and good agreement is demonstrated.
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2. ELECTROMAGNETIC SURFACE PATCH CODE (ESP-4)
MODIFICATIONS

The purpose of this section is to describe the modifications made to the main program of
The Ohio State University (OSU) electromagnetic surface patch code (ESP-4). This software was
obtained in July 1988 from OSU and has since been modified at Lincoln Laboratory. The important
modifications are the addition of namelist input data and an option for bistatic radar cross section
calculation with a fixed bistatic angle and variable target rotation. A complete description of how
to use the ESP-4 code can be found in the user's manual [9), The revisions to the ESP-4 code are
summarized graphically in Figure 2-1 and are described in detail in Sections 2.1 and 2.2.

NAMELIST
DATA
FILE

NAME LIST
READ

STATEMENTS

IBISC = 0 IBISC 1

VARIABLE FIXED
BISTATIC BISTATIC

ANGLE ANGLE

FIXED VARIABLE
INCIDENCE ASPECT
ANGLE ANGLE

CONVENTIONAL MODIFIED
ESP-4 ESP-4
RUN RUN

Figure 2-1. Block diagram depicting the revisions made to the ESP-4 computer pro-
gram. The input data have been restructured, and a new option for fixed bistatic angle
RCS pattern computation has been added.
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2.1 MODIFICATIONS TO INPUT DATA

The original ESP-4 code defined plate/wire geometries and antenna/RCS pattern cuts through
a seriez, of free-iormat jREAD(1I.*)] read statements on device 11. There are noarly 80 input
parameters in the Input data file and the addition of FORTRAN NAMELISTS, where every input
quantity is clearly defined, is very attractive. When a NA1MELIST is used, the input data are in
free format and a typical input parameter, say A, is of the explicit form A=1.0, for example. The
NANIELIST data fit' i helpful in constructing input files for the ESP-4 program that are user-
friendly and easily debugged, The present Lincoln Laboratory version of ESP-4 has attempted to
keep the definition of the input patanieters the same as in' the OSU ESP-4 user's manual [9]. The
manual should bQ consulted for the definition of most of the input parameters. Here, only newly
derined parameters (input variablen•) will be defined. Nine namelists have been added to the ESP-4
code and all READ(I I.') statements have been commented, The NAMELIST reads have the form
READ(I 1.NANI) where NANI is the iwnie of the NAMELIST. The added namelist statements (in
FORTRAN) are summarized below and follow line ESP01650 of the ESP-4 code.

NAMELIST /RNCTRL/NGO,NPRINT,NRUNS,NWGS,IWR,IWRZT,INT,INTPINTD,
2INWRIRGM, IFIL,RF,.INDZI

NAMELIST /FSWEEP/FMC1 ,FMC2,DFZI ,DFF,IRS12,THKD,PPHRD,THRIPIRI
NAMELIST /PATTRN/IFE,IPFE,FNDFE,PHFE, IFA, IPFA,FNDFA,THFA,

21SE,IPSE,FNDSE,PHSETHIN,PHIN,ISAIPSA,FNDSA,THSA,
3AZRANG,ELRANG ,AZi4IN. ELMIN ,IBISCBETA,NPTBIS,BANGRG

NAMELIST /FWIRET/FMCCMM, A,NPLTS
NAMELIST /PLATEG/NCNRS,SEGM, IREC, 1PN,IGS,ZSHT,XP,YP,ZP
NAMELIST /SAVEZ/IWRZMIRDZM
NAMELIST /WIREAG/NM,NP,NAT, NFPT,NFS INFS2,X,Y,Z,IA,IB
NAMELIST /GENLOD/IFMM. IABB. VLGGZLL
NAMELIST /ATTACH/NASAT, IABAT ,NPLA, VGA, ZLDA,BDSK

The relation between the new namelists and the old read statements is as follows:

"* RNCTRL=READ #1

"* FS\VEEP=READ #1A

"* PATTRN-READS # 2.3,4.5 with the addition of parameters AZRANG, EL-
RANG, AZMIIN, ELNIIN. IBISC, BETA, NPTBIS, BANGRG described in Sec-
tion 2.2.

" F\WIRET=READ #6 with the addition of the parameter NPLTS (number of
plates) from READ #7. Namelist PLATEG (described next) is read NPLTS
number of times.

"* PLATEG=READS # 7, 8, 9 with the substitution of explicit (XP, YP, ZP)
coordinates in array format for the corners of plate NPL, The software then
fills in the original three-dimensional PCN arrays (see ESP-4 manual) which
contain the plate corner coordinates.
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* SAJWEZ=READ #10

9 WIREAG=READS #11, 12. 13

* GENLOD=READ #14 is executed NFPT times corresponding to the number
of feed points.

* ATTACH=READ #15 is executed NAT times corresponding to the number of
attachment points between plates and wires,

2.2 MODIFICATIONS FOR FIXED BISTATIC ANGLE RCS PATTERNS

Consider Figure 2-2 which shows the bistatic geometry for an arbitrary target. The pair of
angles (0,. oi) denotes the incident direction and. similarly, (0,. 0,) denote the scattering direction.
The original version of ESP-4 assumed in a bistatic calculation that the angle of incidence was fixed

14217?.3

-- 1

TRANSMITTER

TARG4E-.1

Figure 2-2, Geometry for bistatic radar cross section computation in the ESP-4 com-
puter program.

and the scattering direction (or observation angle) was variable. Thus, the software computes the
bistatic RCS pattern as a function of bistatic angle. As described earlier in Figure 1-1, this differs
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from a typical bistatic RCS measurement where the bistatic angle is fixed and the target rotation
ýangle varies. The Lincoln Laboratory version of ESP-4 uses a new option, IBISC=1, which fixes
the bistatic angle BETA and increments the incident and observation angles appropriately. The
implementation of the new option occurs, primarily, following line ESP14200. Note: If IBISC=0 or
is not specified, then the code performs in the original bistatic mode where the angle of incidence is
fixed and the observation angle varies. When IBISC-1, NPTBIS is the number of target rotation
angles and BANGRG is the angular range of target rotation in degrees. BANGRG can be a
positive or negative number, as appropriate, to determine the target rotation direction (clockwise or
counterclockwise). The original scattering indicators ISE, ISA must be set equal to the appropriate
value to invoke bistatic RCS computation in the appropriate elevation or azimuth plane. For
example, for scattering in the elevation plane (0 is constant) the following three lines of input data
are appropriate:

ISE--2, IPSE-" , FNDSE--3,0, PHSE--.0,0,THIN•-90.0, PHINm0.0, ELRANGe360.,

ISA-O,IPSA---,FNDSA-3.0,THSA=90.0,
IBISC-1 ,BETA-120. ,NPTBIS=121 ,BANGRGC-360.,

ISE is set equal ,.o 2 to indicate that bistatic ,cattering in the elevation plane is desired. ISA is set
equal to 0 to indicate that an azimuth plane scattering pattern is not desired, IBISC is set equal
to I to invoke the fixed bistatic angle option with BETA-120, the bistatic angle in degrees; NPT-.
BIS=121, the number of target rotation angles for the fixed bistatic angle; and BANGRG=-360,
the angular range of target rotation in the counterclockwise direction (+360 would produce clock.
wise rotation). With IRISC=1, PHIN=0,0 in the first data line is used; however, the value of THIN
is computed within the new section of code. The initial value of THIN is equal to -BETA/2 and is
then unoiformly incremented within a new DO LOOP (DO 1920 IBIS=I,NPTBIS) over the target
rotation angular range BANGRG. The initial observation angle or scattered angle is initially set
equal to +BETA/2 and is similarly incremented. If the target is a flat plate located in the xy
plane, then the first point computed by the ESP-4 code is the bistatic specular response. This fact
is due to the broadside direction being chosen as the bisector of the bistatic angle. This choice is
arbitrary and can be changed as desired within the revised ESP-4 code between lines ESP14200
and ESP14240. Note: In the above three data lines if IBISC is set to 0, then the program would
compute a bistatic pattern in the elevation plane based on the values given in the first data line
above. Thus, the program would run as in the original version of ESP-4.

The original ESP-4 code assumes that azimuth and elevation antenna/RCS patterns cover a
full 360' angular range. New parameters, AZRANG, ELRANG have been included in the input
data to cover an arbitrary azimuth and elevation range, respectively. Additionally, to start patterns
at an arbitrary azimuth or elevation angle, AZMIN and ELMIN, respectively, have been defined.
The default values of AZMIN and ELMIN are zero so that they do not have to be defined in the
input data file. Further, the line involving IBISC does not have to be defined in the input data
since appropriate default values are specified prior to the READ(11,PATTRN) statement. It should
be noted that when the new bistatic option is used, the parameters AZRANG and ELRANG are
automatically set equal to zero. This effectively forces the number of scattering angles equal to one
for a given incident angle. Other minor changes to the code are documented with comments in the
modified ESP-4 code listed in the appendix.
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3. RESULTS

3.1 RHOMBUS PLATE MODEL

For a general rhombus flat plate, as shown in Figure 3-1, let L and W represent the diagonal

142187.4

L

Figure 3-1, Geometry for a rhombus fiat plate, The rhombus characteristics (side
length, interior angles, and area) are readily computed from the diagonal length L and
diagonal width I,.

length and diagonal width, respectively, and let a be the side length. The side length of the rhombus
is computed according to

FL : 2 (3.1)
2

and the area A, is given by

1
A = *L. (3.2)

2

The rhombus interior angles aL and aw are computed using

7



CL 2 sin-l 4 (3.3)
2a

2sin-' H). (3.4)

The specular monostatic radar cross section of the flat plate is given by the well-known equation

47rA 2 a= A2(3.5)

A sketch of the rhombus flat plate target under consideration is shown in Figure 3-2. The plate
has a diagonal length L - 35 in and a diagonal width 1I' 27 in. The length of each of the

¶4;fl87.32

RHOMBUS i

35 In

Figure 3-2. Rhombus plate wmith diagonal length L 35 in and diagonal width W--
27 in used both in ESP-4 simnulations and in measurements.

four sides is approximately 22.1 in. The acute angles of this plate are e =w-- 75.30 and the obtuse
angles are aL r- 104.7'. In terms of wavelength, at the frequency of interest 1.3 GHz, the electrical
dimensions of the plate are L = 3.85A and W = 2.97A and the plate area is 5.74 square wavelengths.
The thickness of the experimental plate is 0.5 in or 0.055A and the plate is simulated using zero
thickness. For the given plate dimensions, the specular monostatic radar cross section is computed
(using Equations 3.2 and 3.5) to be 13.4 dBsm at the desired frequency 1,3 GHz. Figure 3-3 shows
a three-dimensional view of the plate located in the rectangular coordinate system for two plate

orientations. In Figure 3-3(a), the plate is in the xy plane and in Figure 3-3(b), the plate has been
rotated by 450 with respect to the y axis. In this report, the RCS pattern cuts are always-taken in
the xz plane. Notice that the long dimension of the plate (35 in) is oriented in the X direction. A
two-dimensional view (looking along the x-axis) of the plate in untilted and tilted configurations is
shown in Figure 3-4. The bistatic geometry for the plate is depicted in Figure 3-5. Note that the
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NOTE: ALL DIMENSIONS ARE IN INCHES

Figure 3.3. Three-dimensional view of rhombus plate in (a) untilted and (b) tilted
orientation (rotated 45' about the x axis). All RCS patterns in this report are taken

in the xz plane.

angle 0 represents the effective target rotation angle for the fixed bistatic angle 0. When 0 0',
the perpendicular direction to the plate is at the bisector of the bistatic angle.

The ESP-4 code was used to analyze the bistatic scattering patterns of the rhombus plate.
Bistatic angles of 15, 45, 90, 120, and 1420 were considered corresponding to available 35- x 27-in
rhombus fiat plate measured RCS data collected in 1987 at the US Air Force Radar Target Scatter
Facility (RATSCAT)[18]. The important input data for the ESP-4 RCS simulations are listed below
with a description of the parameters.

9
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UNTILTED

TIITED-- FLAT PLATE

\45

Figure 3-.4 Two-dimensional view (looking along the x.-axis) of the plate in untilted
and tilted configurations.

kRNCTRL (Run control parameters)
NCO 1,NPRINT=2,NRUNS= 1,NWGSe 1,IWR=OIWRZT=O, NT=4,INTP-6, INTD-18,
INW•=O, IRGM=1, IFIL=O ,RFn- 1.0, NDZI=O,

In NAMELIST RNCTRL, the parameter NGO=1 runs the ESP-4 program from start to finish.
Printout of input parameters and target geometry is implemented with NPRINT=2. The program
is executed one time (NRUNS=I) and NWGS is not used. The paramett -s IWR and IWRZT are
both set to zero which means that the induced modal currents and impedance matrix elements,
respectively, are not printed out. The parameter INT is not used. The number of Simpson's rule
integration intervals used in integrating over the surface patch monopoles is specified by INTP=6.
The parameter INTD is not used and INWR=O means that there are no wires in the target geometry.
The parameter IRGM is not used. The parameter IFIL=O means that full surface patch test modes
are used, and RF--1 performs a far-field computation. The parameter INDZI is set to zero which
means do not perform a frequency sweep computation.

&PATTRN (Pattern specifications)
IFEuO,IPFE= ,FNDFE=3.O,PHFE-90.•0
IFAuO,IPFA t.FNDFA-3O.0THFA-90.0,
ISE*2,IPSE1 tFNDSEm3,OPHSE=O.O,TH!N90.0OPHINuO.0,ELRANG&O.,
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Figure 3-5, Bistatic geometr," for flat plate, The bistatic angle is fixed and the target
aspect angle 9 varies. Note that 0 = 0: corresponds to the specular bistatic RCS.

ISA-O,IPSA= ,FNDSA=3.0,THSA=-90.O,
IBISC=I ,BETA-120. ,NPTBIS=121 ,BANiGRG=-360.,

The third and fifth lines of the PATTRN NAMELIST indicate that a bistatic scattering eleva-
tion pattern (ISE=2) with the new fixed bistatic angle option (IBISC=1) is used. The bistatic
angle is defined by BETA-120 (degrees). The azimuth cut angle (o) is PHSE=O (degrees), which
produces a pattern in the xz plane. The incident wavefront azimuth angle (0j) is PHIN=O (de-
grees). The number of target rotation angles is NPTBIS-121, and the range of target rotation
is BANGRG=-360 (counter clockwise rotation). Lines 1, 2, and 4 of PATTRN indicate that no
other pattern cuts are desired.

&FWIRET (Frequency, wire type, and number of plates)
FMCu-1300.,OCMHM-38.0,A0.001,NPLTS-1,

The frequency has been set to 1.3 GHz (FMC=1300, frequency in MHz) and CMM and A are not
used. The number of plates is NPLTS=I.
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&PLATEG (Plate geometry)
NCNRS(I)-4 ,SEGM(I)-0.2 , IREC (I) wO, IPN (I)=3, IGS(I)0,ZSHT (),,(0 .O, O.0),

XP(I)a-.4446,0.,.4446,0.,
YP(1)=0. ,'.3429,0-,,.3429,

ZP(1)M0.0,0,0,0.0,0.0,

There are 4 corners on the plate [NCNRS(1)=4ý, and the maximum surface patch segment size is
0.2A. The parameter IREC(1)=O means that the plate is polygonal rather than rectangular. The
parameter IPN(1)=3 means that two polarizations are used in the surface patch currents. The
parameter IGS=0 means that ESP-4 selects a reference side of the plate. A perfectly conducting
plate is defined by the complex sheet impedance ZSHT(1)-(0.0,0.0). The four corners of the
plate are described in rectangular coordinates by the data arrays XP, YP, and ZP in meters and

correspond to the coordinates shown in Figure 3-3(a).

&SAVEZ (Save or reuse impedance matrix)
IWRZMwlIRDZM=O,

The program saves the impedance matrix for additional runs using the parameter IWRZM=1.

After performing an initial run and storing the impedance matrix, a second run is made in
which the impedance matrix is read-in using the following input data:

kSAVEZ
IWRZM-O,IRDZM-3,

For the case of the 451 tilted rhombus plate [Figure 3-3(b)] the input plate geometry NAMELIST
is given by

kPLATEG
NCNRS (I) =4,SEGM (I)=0.2, IREC(1)=O, IPN (I)--3,•IGS (I)w=0,ZSHT (I)-"(0.0,0. O)
XP(I)--.4445,0., .4445,0. ,

YP(1)=0.,-.2425,0.,.2425,
ZP()=00,,.2425,0.0,-.2425,

The first step in running the ESP-4 code is to verify the target (fiat plate) input geometry. This
is done by specifying NGO=0 in the input data file. After running the ESP-4 program, an out-
put file is generated which contains the input geometry information. Geometry plotting software
called ESP4GM was included with the ESP-4 software and was used to generate visual information
about the plate simulation. ESP4GM is a FORTRAN 77 program which utilizes GKS (Graphic

Kernel System) software. The results are summarized in Figures 3-6 to 3-9. Figure 3-6 shows
the layout of the overlapping piecewise-sinusoidal surface patch modes for both polarizations. For
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Figure 3-6. Dual-polarized surface patch layout generated by ESP-4 for the
35- x 27-in rhombus plate at 1.3 GHz.

each polarization there are 156 modes arranged in a 12 x 13 grid. In terms of the plate surface
area (5.74 \2) there are approximately 27 modes (of one polarization) per square wavelength. Each

* dipole surface patch mode is a parallelogram, and two of these modes arranged side by side form
a rhombus, which is similar to the rhombus plate. A detailed (enlarged) view of two contiguous
patches of each polarization is depicted in Figure 3-7. The polarization vectors of the two different
modes (which are not quite orthogonal) make an obtuse angle with respect to each other that is
104.7' as determined from Equation (3.4). One of the dipole surface patches is made up of two
monopole surface patches, each of which has a rhombus shape. In this figure, the side of one of the
rhombus-shaped monopole surface patches has a length of 0.187A. This is found by dividing the
side of the rhombus plate, which is 2.43A, into 13 equal segments. Note that the computer program
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0.187 k.

0.187 ,

Figure 3-7. Enlarged view of contiguous rhombus-shaped surface patch monopoles
from Figure 3-6.

has chosen the size of the patches subject to the maximum patch size specified by the parameter
SEGM(1)-0.2 (wavelengths). A three-view plot of the rhombus plate geometry is shown in Figure
3-8 for the untilted plate and in Figure 3-9 for the 450 tilted plate.

3.2 COMPARISON OF SIMULATED AND MEASURED BISTATIC RCS

Using the surface patch basis function layout given in Figure 3-6, the bistatic radar cross
section of the rhombus plate at 1.3 GHz was computed by setting NGO-1. An initial run was
made where the method of moments mutual impedance matrix is computed and stored in a disk
file for later runs. A collection of simulated (with ESP-4) and measured RCS patterns of the
rhombus fiat plate covering bistatic angles 15' to 1420 are shown in Figures 3-10 to 3-27. For all
bistatic angles both plate tilt angles (0' and 45') were used except for the 0 = 15' case where
measurements were available only for the untilted case. For the measured data, the notations H
and V refer to horizontal and vertical polarization, respectively. A pair of letters, for example
HV, refers to horizontal transmit polarization and vertical receive polarization. In the ESP-4 code,

14
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Figure 3-8. Three-view plot of the rhombus plate in the untilted orientation.

spheiAcal components are computed; the 0 component is equivalent to H and the • component
is equivalent to V. Thus, the relation between the four possible components in the measured and
ESP-4 coordinate systems is (HH, VV, HV, VH)4-. (00, 60, 00, $0). For the remainder of the report,
the RCS components will be described using the H and V notations.

Consider first Figures 3-10 and 3-11 which show the RCS patterns for the four polarizations
(HH, VV, HV, VH) at the bistatic angle 15'. Notice in Figure 3-10 that the simulated copolarized
(HH, VV) components are in good agreement with the measurements. The simulated specular
bistatic RCS (13.1 dBsm) agrees closely with the theoretical specular monostatic RCS (13,5 dBsm)
computed earlier. In Figure 3-11, the simulated cross-polarized RCS (HV, VH) is below the -45-
dBsm level and so the measured data are corrupted by the polarization isolation and background
clutter in the measurements. For all the bistatic angles, when the plate is not tilted the simulated
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Figure 3-9. Three-view plot of the rhombus plate in the 45' tilted orientation.

cross-polarized RCS is very low, and so the measurements are dominated by isolation/clutter-
induced errors. These cross-polarized data appear in Figures 3-14, 3-18, 3-22, and 3-26 and will

not be discussed further.

A series of patterns for bistatic angles 45' to 1420 are shown in Figures 3-12 to 3-27, where both
plate tilt angles are considered. For example, Figure 3-12 is for the HH and VV RCS components

at the 45' bistatic angle with no target tilt, while Figure 3-13 is for a plate tilt angle of 450. Notice
that the effect of the plate tilt is to break up the main lobe in both HH and VV components. Good
agreement between the measurements and simulations is evident for the copolarized components
for this case. Next, in Figures 3-14 and 3-15 the cross-polarized RCS is shown for the untilted and
tilted plate, respectively. The effect of tilting the plate is to raise the theoretical cross-polarized
response; thus, the measured data bear a resemblance to the simulations as in Figure 3-15. The
basic lobing structure is the same for the measurements and the simulations, but the amplitude

of individual lobes differs by as much as 10 dB. Next, for the 900 bistatic angle case shown in
Figure 3-16 there is a clear broadening of the main beamwidth in HH and VV polarizations, and
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the simulations and measurements are ii good agreement. Good agreement is also achieved in
Figures 3-17 and 3-19 for the tilted plate. Figures 3-20 to 3-23 show the 0 = 120' case results.
The main lobe continues to broaden for HH and VV components as shown in Figure 3-20. There
is a somewhat better agreement between simulations and measurements for HH compared to VV

in Figures 3-20 and 3.21. This discrepancy is likely due to a higher background for VV compared
to HH. Finally, Figures 3-24 to 3-27 show the results at the 142' bistatic angle. In Figure 3-24,

the specular RCS HH component drops by approximately 6 dB compared to the 1200 bistatic case,
while the VV component is relatively unchanged. There is a difference of several decibels in the
simulated and measured specular responses in both HH and VV components. It is further noted
in Figure 3-24 that the HH main lobe has broken up into three, while the VV main lobe continues
to broaden compared to the .3 = 120' case. There are significant differences between the simulated
and measured lobe amplitudes in both Figures 3-24 and 3-25, but the general shapes are in good

agreement. The differences are attributed to an increase in the background level. In Figure 3-27
the agreement between the cross-polarized measured data and simulated data is good. A mirror
symmetry between HV and VH components is evident here as should be the case for a symmetric
target [19;.

The specular response of the copolarized RCS for the untilted plate is summarized in Figure 3-
28. The simulated data indicate that the specular response decreases monotonically with increasing
bistatic angle and the decrease is more rapid for HH compared to VV. The measured data track
the simulated curves very well with the exception of the VV component for ) = 142' where the
measured RCS differs from the simulation by about 2 dB. To check the accuracy or convergence of

the ESP-4 simulated RCS patterns at the 3 = 142' case. the rhombus plate was modeled using a
finer grid of patches with a maximum segment length equal to 0.15Ak. With this maximum patch

size, the ESP-4 software generated a 17 x 16 grid of 272 patches for each polarization with an
actual patch segment length equal to 0.143A. The total number of modes is 544, which is 1.74

times the number of modes used with the 0.2A maximum patch size simulations. A comparison

of the copolarized RCS for HH and VV components with 0.187A and 0.143A patches (rounded
to 0.19A and 0.14A,. respectively) for the 3 = 142' untilted plate is made in Figure 3-29. The
simulated specular values agree to within 0.1 dB. and the overall good agreement between the
patterns indicates an insensitivity to the patch size. Thus, the differences between the measured
and simulated specular responses (as well as the responses at other angles) observed in Figure 3-28
are attributed to measurement error.
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Figure 3-11. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VII) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatik
angle is 3  150 and there is no plate tilt.
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Figure 3-12. Comparison of ESP-4 simulations and measurements of the copolarized
(HH, VV) bistatic RCS for the 3.5- x 27-in plate at 1.3 0Hz. The -bistatic angle is
0 = 45" and there is no plate tilt.
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Figure 3-13. Comparison of ESP-4 simulations and measurements of the copolarized
(HH, VV) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic angle is

45' and the plate is tilted 45',
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Figure 3-14. Comparison of ESP-4 simulations and measurements of the cross.
polarized (HV, VHI) bistati¢ RCS for the 36- x 27-in plate at 1.3 GHz. The bigtatie
angle is,3 = 45', and there is no plate tilt.
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Figure 3-15. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VH) bistatic RCS for the 35- x 27-in inch plate at 1.3 GHz. The
bistatic angle is ~345', and thu plate is tilted 451.
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Figure 3-16, Comparison of ESP-4 simulations and measurements of the copolarized
(H11, VV) bistatic RCS for the 35. x 27-in plate at 1.3 GHz. The bistatic angle is
3 90', and there is no plate tilt.
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Figure 3-17. Comparison of ESP-4 simulations and measurements of the copolarized
(UH, VV) bistatic RCS for the 35- x 27-in plate at 1.3 GHz, The bistatic angle is

90, and the plate is tilted 450.
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Figure 3-18. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VH) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic

angle is/3 = 90', and there is no plate tilt.
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Figure 3-19. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VH) bistatic RCS for the 35- x 27-in plate at 1.3 Gliz. The bistatic
angle is 3 ý 90', arnd the pbte is tilted 45°.
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Figure 3-20. Comparison of ESP-4 simulations and measurements of the copolarized
(HH, VV) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic angle is

120^, and there is no plate tilt,
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Figure 3-21. Comparison of ESP-4 simulations and measurements of the copolarized
(111, VV) bistatie RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic angle is

0=120', and the plate is tilted 45'.
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Figure 3-22. Compaxison of ESP-4 simulations and measurements of the cross-

polarized (HV, VH) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic

angle is 0 = 120', and there is no plate tilt,
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Figure 3-23. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VH) bistatic RCS for the 35- x 27-in plate at 1,3 GHz. The bistatic
angle is 8 = 120', and the plate is tilted 450.
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Figure 3-24. Comparison of ESP-4 simulations and measurements of the copolarized
(H111, V1) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic angle is

142', and there is no plate tilt.
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Figure 3-25. Comparison of ESP.4 simuiations and measurements of the copolarized
(RH, VIV) bistatic RCS for the 3.5- x< 27-in plate at 1,3 GHz. The bistatic angle is
0 =142', and the plate is tilted 45~.
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Figure 3-26. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV VH) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic
angle is • 1420, and there is no plate tilt.
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Figure 3.27. Comparison of ESP-4 simulations and measurements of the cross-
polarized (HV, VH) bistatic RCS for the 35- x 27-in plate at 1.3 GHz. The bistatic
angle is • 1420, and the plate is tilted 45',
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Figure 3-28. Comparison of ESP-4 simulations and measurements of the specular
copolarized (HH, VV) bistatic RCS for the 35- x 27-in plate at 1.3 GHz.
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Figure 3-29. Convergence check of ESP-4 simulations. The figure shows the copolar-
ized (NH, VV) bistatic RCS for the 35- x 27-in plate at 1.3 GHz with two different
surface patch sizes. The bistatic angle is i = 142', and there is no plate tilt.
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4. CONCLUSION

This report has described modifications made at Lincoln Laboratory to The Ohio State Uni-
versity electromagnetic surface patch code version 4 (ESP-4) and its utilization in the computation
of the bistatic radar cross section of a rhombus-shaped flat plate. The modifications are the re-
structuring of the input data statements and the addition of a new option for bistatic radar cross
section computation with a fixed bistatic angle, A listing of the revised software is given in the
appendix.

Comparisons of the ESP-4 method of moments simulations with far-field measurements over
bistatic angles 15' to 1420 have been made at 1.3 GHz for a 35- x 27-in rhombus plate in untilted
and tilted configurations and good agreement is observed, From these simulations, it is concluded
that both the copolarized and cross-polarized bistatic RCS of arbitrarily oriented flat plates can be
accurately predicted with this software.
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APPENDIX A
REVISED ESP-4 SOFTWARE LISTING

The purpose of this appendix is to list the main program of a modified version of the electro-
magnetic surface patch code (ESP-4). This software was obtained in July 1988 from The Ohio State
University and has since been modified at Lincoln Laboratory, The important modifications are
the addition of namelist input data and the option for bistatic radar cross section calculation with a
fixed bistatic angle and variable target rotation, Other minor changes to the code are documented
with comments in the modified ESP-4 code listed below. The main program contains nearly 1700
lines of code and is listed in its entirety. The ESP-4 subroutines contain an additional 7000 lines of

code and are not listed here. However. in the subroutines no changes other than a global conversion
from (ARCOS, ARSIN. ARTAN) to (ACOS. ASIN. ATAN) have been made. Following the listing
are two data files corresponding to the untilted and tilted plate configurations.
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***oModified ESP-4 FORTRAN 77 code listing (SBU 3 computer system).
o**.Maiz program :ilename: eup4namf at Lincoln Laboratory

C ESPOOIOO
C ESPOO020
C OHIO STATE UNIVERSITY ELECTROSCIENCE LAB MOMONT METHOD, SURACE ESPOO030
C PATCH CODE. BASED UPON PIECEWISE SINUSOIDAL REACTION ESPOO040
C FORMULATION. TREATS: ESPOoO05
C THIN WIRES ESPOO060
C RECTANGULAR OR POLYGONAL PLATES ESPOO070
C WIRE/PLATE ATTACHMENTS (AT LEAST O.1.WAVE FROM EDGE) ESPOO080
C PLATE/PLATE ATTACHMENTS ESPOO090
C OPEN OR CLOSED SURFACES ESPOO100
C ESPOO110
C REFERENCE "A USER'S MANUAL FOR A' ELECTROMAGNETIC SURFACE
C PATCH CODE: ESP VERSION IV," BY ENH. NEWMAN, OSU/FSL REPORT
C 716199-11, AUGUST 1988,

C
C ALSO "A USER'S MANUAL FOR ELECTROMAGNETIC SURFACE PATCH CODE: 'ESPO0120
C VERSION III - POLYGONAL PLATES AND WIRES" BY E.H. NEWMAN AND ESPOO130
C RL. DILSAVOI OSU/ESL REPORT 716148-19, APRIL 1987. ESPOO140
C ESPO0180
C ANY COMMENTS CAN BE REFERRED TO: ESPOO160
C ESPOO170
C EDWARD E, NEWMAN ESPOO180
C ELECTROSCIENCE LABORATORY 4SPOO19O
C 1320 KINNEAR ROAD ESPO0200
C COLUMBUS. OHIO 43212 ERP00210
C PHONE: (614) 292-4999 ESP00220
C ESP00230
C FILENAME esp4namf SUN 3 COMPUTER SYSTEM at MIT LINCOLN LABORATORY.
C MODIFIED FOR NAKELIST INPUT DATA AND FIXED
C BISTATIC ANGLE WITH VARIABLE TARGET ROTATION.
C ALL LINCOLN LABORATORY MODIFICATIONS ARE
C MADE EVIDENT BY THE ABSENCE OF ESP LINE NUMBERS.
C THE SUBROUTINES USED BY esp4nam.i HAVE BEEN
C DIVIDED INTO TWO FILES ssp4subslif AND
C *sp4subs2.ý WHICH ARE THE ORIGINAL ESP4
C SUBROUTINES (I.E. NO MODIFICATIONS).
C DATE: 3 JANUARY 1'90
C ESPO02SO
C ESPO0260
C ESPOO270
C DIMENSION INDICATORS: ESPO0280
C THE FOLLOWING ARE DEFINED BY TIlE USER: ESP00290
C ESPO0300
C IDFIL: INDICATOR TO DIMENSION FOR FILAMENT TESTING ESPO0310
C - I IMPLIES DIMENSION FOR FILAMENT TESTING ESPOO320
C - 0 IMPLIES DO NOT DIMENSION FOR FILAMENT TESTING ESPO0330
C IDSUR: INDICATOR TO DIMENSION FOR FULL SURFACE TESTING ESPO0340
C w I IMPLIES DIMENSION FOR FULL SURFACE TESTING ESPOO360
C - 0 IMPLIES DO NOT DIMENSION FOR PULL SURFACE TESTING ESPO0360
C IDWR- MAX. NUMBER OF WIRE POINTS, WIRE SEGMENS. AND WIRE MODES ESPOOS03
C IPL- MAX. NUMB ER PLATES ESPOO3BO
C ICN- MAX. NUMBER OP CORNERS ON POLYGONAL PLATES .SP00390
C IAT- MAI. NUMBER WIRE/PLATE ATTAChmENT POINTS ESPOO400
C ITOT- MAX. TOTAL NUMBER OF MODES (WIRE+PLATE+ATTCH.) ZSPO0410
C IDMZI - INDICATOR FOR MAKING FREQUENCY SUEEP COMPUTATION EBPO0420
C - 1 IMPLIES SET UP Z ARRAY FOR INTERPOLATION ESPO0430
C - 0 NO FREQUENCY SWEEP ESPOO440
C IERVSR - MAX. I FOR THE ERVSR(IAT,1) ARRAY USED IN SUB. ZTOTZ ESPO04,O
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C ESP00460
C riE FOLLOWING ARE COMPUTEL BY THE CODEi ESP00470
C ESP00480
C ID2Tw MAX. LENGTH OF I-D IMPEDANCE ARRAY 2T KSP00490
C IDZT?-MAX. INDICATOR FOR 2-D ARRAY ZTF USED FOR FILAMENT TESTINGESPOOSOO
C IDWR2w 2olDWR ESPOOSIO
C ITW2s THE LARGER OF IDWR2 AND ITOT ESPOO620
C ESPOO630
C DEFINE DIMENSION INDICATORS ESPOO64o
C ESPOOSSO

PARAMETER (IDFIL.-1) ESPOO560
PARAMETER (IDSUR-I) ESP0OS70
PARAMETER (IDWR-30) ESPO5O68
PARAMETE (IPL*2O) ESPOO690
PARAMETER (ICN-8) ESPOO600
PARAMETER (IAT-4) ESPOOE 10

C PARAMETER ().TOT-200) ESPOO620
PARAMETER (ITOT-50O)
PARAMETER (IDMZI 1) ESPOO630
PARAMETER (IERVSR -200) ESPOO640

C*..THE FOLLOWING LINE ADDED FOR NAMELIPT MODIFICATION
PARAMETER (INFPT-50)

C ESP00650
C TUE FOLLOWING IS EQUIVALENT TO: ESPOO660
C PARAMETER (IDZTUMAXO((IDWRS.2410WR)/2,4DSUIR.(ITOT..2+XTOT)/2,1))KBPOO6TO
C ESPOO600

PARAMETER (N1314"I+(IDWR'".2+IDWR)/2) ESPOO690
PARAMETER (NUM2-14 IDSUR' (ITDT**24!TOT) /2) ESPOO7OC
PARAMETER (MLTI=(((N~M1/NIM2)*NM2)/(i.0.NUM1,'+O.gggg9) ESPOOTlO
PARAMETER (MLT2-(((NM2/tJUMI) *NUM0)/(I -0.NUMf2))+.O99999) ESPOO720
PARAMETER (NU13-2-1+(MLTI.NUMIeMLT2'NUfl2)/(MLTI.MLT2)) ESPQOO30
PARAMETER ( NUJM4-1+1) ESPOO740
PARAMETER (MLT3-(((NUM3/XUM4).NM4)/(1.0'NUM3))+0.99999) ESPOOTSO
PARAMETER (MLT4-(((NUM4/NUn43)*NUM3)/(± ,0.NIM4) ).0.9ggOQ) ESPOOISC
PARAMETER (IDZT--1.(MLT3sNU3.MLT4'NU144)/(MLT3-MLT4)) ZSoomT

C ESPOOT8O
C THE FOLLOWING IS EQUIVALENT TC: ESPO790
C PARAMETER (IDZTF-MAIO(IDFILOITOT,1)) ESPOO800
C Espoosio

PARAMETER (Nlfll-1+IDFIL*ITOT) ES;POOs2O
PARAMETER (N3M6*1+1) ESPOO830
PARAMETER (MLTS-(((NUM5/PM6).NM6)/(1.0.NuMS))+0.9gg99) ESPOO840
PARAMETER (MLT6-((C(NUtM6/N1M) .NIMB)/ (1. .ONIMO))+.O.99999) Espoosso
PARAMETER (IDZTF-1+ CMLTS'NUHS+MLT6'NU6) /(MLT6+MLT6)) ESPOOSCo

C ESPOO070
PARAM4ETER (IDWR,2-2sIDWR) ESPOO88O

C Espoosoo
C THE FOLLOWING IS EQUIVALENT TO: 9SPOO900
C PARAMETER (ITW2&MAXO(XTOTIDWR2)) ESPOO9lO
C ESP00920

PARAMETER (NWJ7-1+ITGT) ESPOO930
PARAMETER (N1JM8-1+IDWR2) ESPOO940
PARAMETER (NT-(KH/UBeUS/1ONN)+.99) ESPOOBos
PARAMETER (MLTa-(((NUM8/NUM7)NMm7)/(i.O*mMa))0.o~9g99) ESPOO960
PARAMETER (ITW2--l.(MLTY4URM?.MLTS.NUMG)/(NLTT.MLTS)) ISPOO970

C xawcO980
C IDI -I IF IDMZI -0 ESpoo9g0
C a 3IF IDMZI w ESPOloGo

PARAMETER (IDMIN1+IDMZI*2) EspoloID
PARAMETER (IDZTI-I4IbMZ!.IDZT) ZSPO1020
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PARAMETER CIOZTFI'.1.IDMZI.IDZTF) 15P01030
C 15P01040
C toPOIOso
C THE FOLLOWING ARE DIMENSIONED BY IOWR: E5PO100O
C ESPOIO-10

COMPLEICGDCIOWA) .sGD(IOWII) EspoIOsO
DIMENSIOND~tDWR) ,IA(IDWZ) ,I3(IDWR) ,NDCIZ1WR) .ISC(IDUR) ,1W(IDWA.4)ESPoOoo9
DIMENSIONI1CIDWR) ,I2(IOWR) ,3IDCIWR) ,JA(IDWA) ,33(IDJR) zspolioo
DIMENSIONICIDWE IYCIDWE ,ZCIDVfl) EspoilIO

C 2SP01120
C THE FOLLOWIN3 ARE DIMENSIONED BY IDWR.2 - 2*IDWR: ESPOL130
C ESPOI140

COMPLEXELD(CIDWR2) ,VG (101J2) ESPO~L10
C ESPOI 160
C THE FOLLOWING ARE DIMENSIONED BY THE LARGER OF ITOT OR IDWft2: ESPOI1VO
C ESPO1lOC

C0OHPLEXCG(ITWZ) ESPO 1190
c ESPOI200
C THE FOLLOWING ARE DIMENSIONED BY IPL AND ICN: ESPOlIC1
C ESPO 1220

OIME.NSIONJNM12NCIPL) INM23NCIPL) ,IPN(IPL) ,PCN(3,ICNIPL) ESPOl23O
DIMENSION XP(ICN) ,YPCICN) ,ZPCICN)

OIMENSIONNCNRS(IPL) ,SEGMCIPL) ,PC(3,ICN) ,NPL11(IPL) ,NDNPLTCIPL) E6P01240
DIMENSION NPL22(IPL) ,IREC(IPL) ,SUUICIPL) ,IGSCIPL) EBPO12S0
COMPLEX ZSHT(IPL) ,lSHWF(IPL) ESPOI260

C ESPOI2V'0
C THE FOLLOWING ARE DIMENSIONED BY ZAT AND IERYSR: ESPOI280
C ESPO1200

INTEGER NASATCIAT) ,IABATCIAT)
DIMENSIONDDSK(IAT) ,RHIN(IAT) ,DRCIAT) ,NPLACIAT) INSACIAT), ESPO1300

2 PDIST(IAT) ESPO131O
COMPLEI.ERVSRCIAT,IERVSR) ,ZLDACIAT) ,VGACIAT) ESPOI320

c ESPOL330
C THE FOLLOWING ARE DIMENSIONED BY Ilu?: ESPO1340
C ESPOI360

DME)NSIONPA(ITOT,4,3) ,PDCITOT,4,.3) ,IOUADCITOT) ESPOL360
DIMENSIONIOVTaz'OT,4) ,DOVL(ITOT) ,ITX(ITDT) ,OVEPCITOT.3,2) ESPOI3V0
COMPLEXCJ(ITOT) ,CJP(ITOT) ,CJTCITOT) ,ETT(ITOT) ,EPP(ITOT) ,V(ITOT) ESP0l380
r'OD'LEX ERN (ITO?) .EYN(ITOT) ,EZN(ITOT) ESPOI3PO
DIMENSION MPLA(ITOT) ,MPLDCITOT) ,PSZ(ITOT) ESPO1400

C EBPOI41O
C THE FOLLOWING ARE DIMENSIONED BY INFPT o*.*NANELIST DATA'..

INTEGZR IFMM(ZNFPT) ,IADB(INFPT)
COMPLEX VLGGCiNFPT) .ZLL(INYPT)

C
C THE FOLLOWING ARE DIMENSIONED BY IDZT: ESP01420
C ESP01430

COMPLEXETq(DET) ESP01440
C ESP0I4S0
C THE FOLLOWING ARE DIMENSIONED BY IDE??: ESP01460
C ESPOI47'0

COMPLEX 2?? (I!)l?, IDE??) ESPOI48O
C MSP01490
C THE FOLLOWING ARRAYS HOLD THE Z MATRICES FOR THE FfiEQ. SWEEP Espo 1600
C ZOPOLS10

COMPLEX ZTIN(IDMIIDZTI) ,ZTFtN(IDMI.IDZTPI .101??!) 18P01520
C ESPOIS30
C THE FOLLOWING ARE FIXED DIMENSIONED: 35P01540
C ESPOISSO

DIMENSION IZC(3) EsP01560
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COMPLEXETE(1441) tEPE(1440),.ER(1441) ,ETA2(1441), ESPO1670
2 EPAZ(1441) ESPO±660

DIMENSION PET(1441) ,PEP(1441) ,PER(1441) ESPOl69O
COMPLEX ERAZ(1441) ESPOI600
COMPLZIETAOAM,ZI1,Y1I ,ERAETTS,EPPS,ETPS,EPTS,ZS,ZL,VLGEGD ESPO1610
COMPLEX ZIN,YIN,VIN ESPOL620
COMPLEXCGACGBCGCN,CEXP1 ,CEXP2,CEXP3,CEXPK,PACI,FAC2,FAC3,FACK ESPOIG30
COMPLEX EXTEYT.EZT,EXP.EYPEZPETRSIEPRS,XJYSHTIYSHTF ISPOI640

COMMON /A/ WV,PI.AQOAM,ETAXX ESPOISSO
C..ADDITION OF NAMELISTS

NAMELIST /RNCTRL/NGO,NPRINT,NRUS,NWGS,IWR,IWRZT.INT,ZNTP,!NTD,
2INWR, IRGM,IFIL ,RF, INDZI
NAMELIST /FSWEP/FMC1,PMC2,DFZI,DFF,IRS12,THRDPHRL,THRI,PHRI
NAMELIST /PATTRN/IFEIFE,FNDFEPHEIFA,IPFA,FNDFA,THFA,

2ISElSEFNDSE,PHSETHIN,PHIN,ISAIPSAFNDSATHSA,
3AZRANOELIAANG ,AZMIN,ELMIN, IDISCDETANPTBIS ,BANGRG

C**NOTE: AZIANG, EL RAN G INCLUDED TO REPLACE FIXED 360 DEG.
C**NOTE: AZMIN,ELMIN INCLUDED TO START PATTERNS AT ARB. POINT
Co.NOTE; ?BISC-1 USES FIXED BISTATIC ANGLE FEATUR.E WITH
C BETA 'HE BISTATIC ANGLE,
C NPTHIS THE NUMBER OF TARGET ROTATION ANGLFS.
C SANGRG THE ANGULAR RANGE OF TARGET ROTATION
C NOTE: BANGRG CAN BE >0 OR <0 TO DETERMINE ROTATION DIRECTION
C**WHEX THE BISTATIC OPTION IS USED, ELR.ANG ANDI AZRANG ARE SET-O

NANELIST /F`WIRET/FMC *CNN, AjNPLTS
NAMELIST /PLATEG/NCNRSSEGM.IREC,!PNIGS.ZSHTXPYPZP
NAMELIST /SAVEZ/IWRZM, IRDZM
NAlIELIST /WIREAG/NMNP,NATNFPT,NFSI,NFS2,X,Y,Z,IAIB
NAMELIST /GENLOD/IFMM ,IABBVLGG, ZLL
NAMELIST /ATTACH/NASAT ,IABAT ,NPLA ,VCAZLOA , 50K

*CHARACTER DATNAM*25,OUTNAM.26
* J(Z,3,HTOT).(J-1).NTOT-(J.J-3)/2+1 ESPO1660

AMP(GAM)-CABS(GAM) ESPOL670
C PHS(GAM)-180.0.BTAN2(AIM4AO(OAM).IREAL(GAI4))/3. 1415926 ESPOIEBO
C OPENCUNIT-6.NAKE-'OUTFL.DAT ,TYPE-'UNKNOWN') ESPOIS90
C ESP01700
C THE MAIN PROGRAM CONTAINS FOUR CALLS TO THE CLOCK FUNCTION ESPOL710
C GETCP(l), WHERE I IS THE CLOCK READING IN H UND REDTHS OF A ESPOI720
C SECOND. THESE FOUR LINES HAVE BEEN "'COYMMNTED" OUT. IN ORDER ESPOL730
C FOR THE CODE TO OUTPUT CPU TIMES, THE USER MUST REPLACE THESE ESP01740
C CALLS TO GETCP BY A COMPARABLE CLOCK FUNCTION ON HIS SYSTrEM. ESPO1760
C ESP01760
C CALL GETCP2 PERFORMS THE CPU TIME FUNCTION ON THE SUN 3 SYSTEM

CALL OETCP2(IC2'U) ESP01770
PF"3. 141 59266 ESP01780

19999-0 ESPOiTBO
Xj-(O.O'i 0) IEPOISOO
IANT-O ESPOISIO

C INN- MAX. N NM ER WIRE SEGMENTS ESPOIS20
C ICJ- MAX, NUM ER WIRE MODES ESP01830
C IPLM- MAX. N UNDER PLATE MODES ESPO1840
C ICC- MAX. SIZE OF 2-D ARRAY ZTF ESPOISSO

INM-IDWR ESPO1660
ICJ-IDWR 38101870
IPLM-ITOT 18101680
ICC-IDZTF ESPOIS90

C EspoloOO
C NGO - 0 IMPLIES SET UP GEOMETRY BUT DO NOT RUN. 35101910
C NGO w 1 INPLIES RUN. ESPOI920
C ESPOI930
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C NPKIVT - 0 IMPLIES PRINT INPU? DATA ONLY. ESP01040
C NPRINT - I IMPLIES PRINT WIRE AND) PLATE GEOMETRY. Espoloso
C EPRIPT a I fPLIES PRINT INPUT DATA AND WIRX/PLATE GEOMETRY. CSPOl960
C NPRINT - 3 IMPLIES PRINT NEITHER. ISPOI970
C ESPOI9S0

W1!TE(6,2059)
2069 FOPXAT(%X,'EflTEA INPUT DATA VILE NAME (typically *sp4namadataxt)')

READ(5,*)DATMAI4
OPEN(CIl FILE-DATNAMPOM- 'PORflATFED')
WRITE(6.3969)

3969 FORNAT(11,IENTEE OUTPUT DATA FILE NAME (typ. *sp4nomfortSB)')
READ C B ,OUTHAM
OPEN CSFILE'.OUTNAM.,FORM- FORjMATTED')

C READ(i1,.)NGO,NPRXNT,NRUWNsNVSIWf,XIftZT,INT,INTP, INThZIlR4ROMESP01990
C IIFIL.RPIN'DZr ESP02000

READ(1l.MNCTRL)
C ESP0200'
C READ IN PARAMETER.S OF FREQUENCY SW~EEP COMPUTATION ESPO0202
C ESP02030

12468-0 ESP02040
mr(NDZI .NE.O)THEN ESP020SD
IFCIOMZI .EQ.0)TNEN ESP02060

WAITE(6,3216) ESP02010
3215 FORMAT(3X,'DIMENSION INDICATOR I0'4Z1 MUST BE SET TO 1 IF INOZIO/ESP02080

2 3X,'IN READ 1 1S SET TO 1 OR 2') ZSP02090
STOP ESP02 100
ENDIF ESP02110

C READ(11,')PNC1,7FlC2,DFZI.DFF,1R542,THPD,PHAtD,TXIN;CPNINC ESPO2120
READ C 1,FSWEEP)
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DPTOTm(FMC2-FMCI) ISP02130
?EZX"0. 99+DPTOT/DZZ ESP02140
XY(NZI .LT.2)NFZZ-2 ESP02160
DPZZ*DTTOT/NFZI ISP02160
NVZI"NPZI+1 ISP02170
WFF-O.99+DFTOT/DFF ESP02O2
IF(NVF.LT .)NFF-l ESP02190
DFFuDFTOT/NFF ESP02200
NFFuNFF*I ISP02210
XI'(N00.NE. O)WfRTE(1o,321o)RF,TM PHRb~,THlNC,PHINC,I1R912, ISI002220

2 N7F,NFZI,INDZI EVP02230
3210 FOR4AT(1X,E11.5,4(1X,IFO.1),1X,6I4) ESP02240

112LST*2 ESP02260
PNDFEwl. 0 ISP02260
7UDFAal.0 ESP(A2270
Pfs!'ý-l 0 ESP02280
FUDSA-l .0 ESPO' 290
97DIF ESP02300
UC(INWR.EQ.0)THEN ESP02310
NM=0 ESP'02320
NPUO ESP02330
NAT-0 ESP02340
NVR-o ESP02360
NVPTr-0 ASP02360
UPS1.0 E00O2370
KP52-0 ESP02380
ENDIF ISP02390
IF(INT.GT.0)INT-2*((XNT+1)/2) ESP02400
XNTP-2* C(INTP+1 )/2) ESP02410
ZNTD020 C(INTD+I)/2) ESP02420

210 FO.NAT(211,213) ESP02430
c ESP02440
c READ IN PARAMETERIS OF ELEVATION AND AZIMUTH PATTERNS ESP02450
C SET ALL TO0 IF INDZI >0 ESP02460
c ESP02470

IF(INDZI.EQ.0)THEN ESP02480
C ftEAD(ll,*)IFEIPFEFNDFEPHFE ESP02490
C READ(11,*)IPA,IPFA.FNDFA,THFA ESP02600
c READ(11.o)18EIPSEFNDSEPHSETHINPHIN ESP02610
C liAD(11,.*)SA.IPSA,7NDSA,THSA ESP02620
C0..*DEFAULT NANELIST ?ATTRN VALUES FOK AZKANG.ELRANGAZMZN,ELMZN,...

AZRANG-360.
ELRANG-360.
AZHIN-0.
ELIIIN0.o
IBISC..0
BETA-O.
NPTHIS- 1
DAMOGRC0.
READ(11 ,PATTRN)
IP(IBISC.lQ .0)?'T8IS-i
IF(zflrSC.EQ. 1)ELRUAN-0.

ELSE ESP02630
InE-0 ESP02640
IPFEWO 9SP02660
?UDrFEw-O .0SP02660
PHYE-'0-0 ESP02670
IPA-0 ISP02680
IPFA-O ESP02600
FWDPAU1,0 ESP02600
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THFA-O.O ESP02O10
153vo E5P02620
IPSEVO USP02I30
flDSE" 1.0 DSP02640
PHSESOO USP02650
ININ-0.0 ESPO26S0
PRN!N0.O ESP02GT0
!SA"0 15P02480
!PSAMO ESP02690
FNDSA-l. 0 38P02700
1151-0.0 15P02710
END! 38P02720

312 FORNAT(312,F10.S) ESP02730
IMAGENO E5P02740
IF(IND71EQCO)THEN ESP02750
U(!SE,L.T.0.OR. ISA.LT.O)IMAOE-1 E3P02760
ELSE ESP02770
IF(IR512. LT.O)IMAGE1I ESP02780
12101? ESP027PO
ISE-IASS(ISE) ESP02800
ISA-IABSCISA) ESP02810
IFF-0 ESP02820
ISCA7-0 ESP02830
V INDZI.KQ.O)THEN 3SP02840
I'- Ii'E.H'A4ISE+ISA.4E.)IkF?-1 ESPOL4S0
IF(1SELQ.1.QR.ISA.EI.1)ISCAT-1 ESP028O0
IFCISE.EQ,2.OR,ISA.EQ.2)ISCAT&2 SSP0287O
IF(ISE.EG.3.OR.ISA.Eg.3)ISCAT-3 ESP02880
ELSE EP2g
IFFrI ESP02900
IF(IADS(1R512) .7,Q.2)THEN ESP02B1O
ISCAT-2 ESP02920
I?(ASSCTNINC-THRD)'ADSCPHINC-PHRD) .LT.0.O01)ISCAT-i ESP02930
leE-I ESPC2940
XSAO0 ESPC2BSLi
END!?E8026
UIMASS(1R512) .EQ. 1)THEN E5P02970
!SCAT-0 ESP02990
IFE"1 ESP02 990
IPA-0 ESP0OSOut
END?? ESP03010
volD! 10P03020

C NPLOTS - THE NUIIER OF PATTERN PLOTS ESP03030
C IRS12 - 1 OR 2 FORL RADIATION OR SCATTERING PATTERNS ZSP03040

NPLOTS'.0 ESP03050
IP(!SCAT.EQ.O)TKEN 1003060o
IFCIFE.NE.O.NDIPFE.EQ.I'LNPLOTS-NPLOTS+1 ESP03070
IF(%FA ,NE.O.AND.IPFA.EQ.1)NPLOTS-HPLOTS+l 30P03080
ELSE ZSP03090
IFCISE.NI.0.AND.IPSE.EQ.1)NiPLOTS-NPLO3TS+1 ESP03100
IF(ISA.EIE.0,ANDIPSA.1Q.1)NPLOTS-NPLOTS+l ZSP03110
END!? E8P03120

r(IkDDZI.gQ.0)TIIEN 1sP0j130
1R312-1 ESP03140
IF(ISCAT N. U0)121812-2 ZOP031S0
UDID! ESPOSIGO

DO 700 NRUNo1,NRUNS EIPO:1YO
c, 1003160

1: READ FREQUENCY, WIRE CONDUCTIVITY, AND WIRE RADIUS Zoonso9
C 30P03200
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C RXAD(l,.*)PMC,CM14,A ESP03210
RXAD(li.PWlXMT)

IF(INDZ.Z ,NE)FMC-PF4C2 ESP03220
IF(NPLOTS.GT,0.AND.XNDZI.EQ.0.ANO1JOO.NE.0) ESP03230

2 W~tXTE(6.337)NPLCTS,IRSI2IFMCsIRF COP03240
337 FOP.MAT(11,2(13,IX),2(Fl1,4,2X)) ESP03260

WV-30O.O/FMC ZSP03260
TOUCII-0.001*WV ESP03270
IOIC"1 ESP03260

C ESP03290
C READ IN THlE NIUMBEft OF PLATES ESP03300
C ESP03310
C READC11,.)NPLTS ESP03320

SEGMX-- .0 ESP03330
IF(14PLTS.GT. IPL)THEN ESP03340
RIUTE(6.330)NPLTS ESP03360

330 FORJ4AT ~**..* INCREASE PARAMETER IPL TO 1,14) ESP03360
STOP ESP03?7O
ENDIF ESPS3380
NOVT-0 ESP03390
NPLTM-0 ESP03400
IF(NPLTS ,EQ.O)GT0O462 ESP03410
IOKT-1 ESP0342o

C EV~03430
C IF NPLTS <0. CEJJERATE PLATE-GEOMETRY IN COKOM ESP03440
C ESP03450

IFCI4PLTS .LT.C)THEN ESP03460
C ESP03470
C PLATE GEOMETRY GENERATEID IN StbROUTINE CALL BELOW ESP03480
C SUBROUTINE POEOM 1S CONTAINED IN ESP4POM FORTRAN, rSP0349O
C ESPo3so6

CALL PGEW4(IPL,1CN,NPLTSJCNRSSEGM,REEC.ZPNZ0SZSHTPCN) r~SP03610
IF(HPLTS.GT.IPL)THEN ý-SP03620
WVtITE(6,330)NPLTS EP33
STOP ESP03640
ENDIF ESP03650
ELSE ESP03560

C ESP03670
C READ IN THE PLATE GEOMETRY ESP03680
C ESP03690

DO 464 NPL-1,XPLTS ESP03600
C REAO(1,.-)NCNI.SNPL) ,SEGM(NPL) ,IREC(NPL) ,IPNCNPL) ,108(NPL), ESP03610
C 2 ZSHT(NPL) ESP03620

iIEAD(11 ,PLATEG)

VRITE(6 ,PLA~TG)
ZPCSKCNCNPL) .CT.SEGME OEGM1-SEGH(NPL) ESP03630
IF (NCNP.S OfL) ,EQ. 4)1GS (NFL) -0 ISP03640
IF(NCNTIS(NPL) ,GT.ICN)TIIEN ESP03650
VRIT9(6 ,331)NCNRS(NPL) ESP0366o

331 FORMAT(' 0*u.*s INCREASE PARAMETER ICN TO AT LEAST ',4 ESP03670
STOP ESPOSO130

ODIF ESP03690
DO 466 NCNU=1,NCNRS(NPL) ESP05700

C flEM(1±.*)PCN(1,NCNILNPL).PcN(2,NClm.NpL) .PCN(I.NCNR1PL, !SPO3710
C-.PILL-IN PCX AMRAY FROM NARELIST DATA

"P.N(1 ,9CURAPL~uP(NCNE
PC3(2 .NCKR.VPL) -YP(NCIIR)
PCN(3,NCHR,NPL)-ZP(NCNR)

466 CONTINUE ESP03720
464 CONTINUE ESP03730



END IF 3SP03740
DUi 465 NPL-1,NPLTS 98P03750
CALL PLPLCKCPCN,IPL,!CN,NCnRS(NPL) ,TOUCH,NPL,!OX) maPoueo0
IF CIOK.EG.0) IOKT..0 ESPO377O

465 CONTINUL ESP03780
IPCIOKT.EQ.O) 0070 9374 ESP037B0
DO 467 NPL1lNPLTB 38P036 00
NCNS-NCNM (NPL) ESP03810
SbG-SIZM(NPL) hSP03S20
IRI-IREC (NP?.) 38P03630
IPwIPH(NPL) ESP03840
IG-IGS(NPL) 18POS86O
DO 460 NC-1,NCNS 15P03660
DO 408 1-1,3 KSP0SS70

488 PC(I,NC)-PCN(I,NCNPL) ESP03880
C ESPOSBBO
c SEGMENT PLATZ INTO MODES ESP03900
C ESP03910

CALL PLATE3(PCINCNSICNNPLINDNPLTPAPB,IPLM,SEO, ESP03920
I IQUAD,WV,IRE,IP,MPL1 ,MPL2,IOKNMI2,NM23,I0) ESP0S3O3

I?(NPL. EQ.NPLTS)NPLTM-NDNPLT(NPLTS) ESP03940
NPL11(NPL)-MPL1 ESP03950
NPL22 (NfL)mMPL2 ESP03960

Cese.eesse..se.eE1P03970
10412K (NPL)-NMI2 ESP03B80
NM2SN (NPL)-NN23 35P03090

Cam m mmm ** mm* m e mom* mmm *SPO4000
467 CONTINUE ESPO 4010

C 3sP04020
C -CONNECT TOUCHING PLATES WITH OVERLAP MODES ESP04030
C .ESP04040

CALL POPLOV(NPLTS PCN ,NCNRS ,TOUCH, ESP04060
& SEGM.PA.PB,NOVTNPLTN,IPL,IPLN,ICNIOVTDOVL.IThNOPL, 18P04060
& TOUAD,WV,NDNPLT,OVEP) i8P04,070

402 CONTINUE. ESP04080'
NPLT~NPLTMNOVTESP04090

DO 660 NWG1I,NWGS ESP04100
l12-i 2SP04110
CALL GETCP2(JCPU) E3P04120
IWREN-C E5P04130
IRDZM-0 1SP04140

C ESP04160
C READ IN Z MATKIX KEAD/WRITE FROM DISK INDICATORS ESP04180
C ESP04170
C RtEAD(l1.m)IWRZH.IRDEM 15P04180

RID(Il ,SAVEZ)
C IF('INDZI.GT.O)THEN ESP041O0
C IV1IZMwo 18P04200
C lADEN-C S041
C REDlY ISP04220

WV-300.0/FMC ESP04230
13N2-2mINM 18P04240
DO 2774 I-1,INM2 38P04260
11.D(1 )"CIPLX (00,0.0O) 38P04260
VG(I) -CHPLX(O .0,0.0) ZOP04270
hP(I.GT. IAT)GOT02774 18P04280
VGA(I)-ONPLX(G.0,. .0) ESP04290
ZLDA(I)-CMPLZ(0.0,0.0) ISP04300

2774 CONTINUE 38P04310
Iv(INm.Eg.0) ElM-C 3SP04320
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IP(INl.EQ.0) NAT-O ESP04330
IF(INXV.LQ.O)GOT02773 ESP04340
IF(IROM.EQO)GOT02800 ESP04350

C ESP04360
C SET UP POINTS AND SEGMENTS. ESPO4370
C ESP04380
C READ(II,*)NMNP,NAT,NFPTNFS1,NFS2 ESP04390

READ(011WIIREAC)
IP(NAT.GT.IAT)THEN ESP04400
WfITZT(332)NAT ESP04410

332 FORIMAT(' **so$* INCREASE PARAMETER IAT TO AT LEAST ',14) ESP04420
STOP ESP04430
ENDIF ESP04440

C ESP04460
C READ IN COOR. OF NP POINTS ESP04460
C ESP04470

DO 2810 I-I.NP ESP04480
O READ(i1,*)X(I),Y(I),Z(2) ESP04490

2810 CONTIN`UE ESPO4EO0
C ESP04510
C READ IN ENDPOINTS OF NM SEGMENTS ESP04620
C ESP04630

DO 2820 I-1,NM ESP04640
C READ(ll, )IA(I),BM(I) ESP04660

2820 CONTINUE ESP04560
C ESP04670
C READ IN WIRE GENERATORS AND LOADS ESP04680
C ESP04690

READ(11,GENLOD)
D0 2830 I-I,NIPT ESP04600

C IF(WFPT.GEI)READ(11,*)IFM,IAB.VLGZL ESP046i0
C II-ZFM+IABONM ESP04620

II-IFMII(I)+IABB(I)*NM
VO(II)-VLGO(I) ESP04630
ZLD(II)-ZLL(I) ESP04d40

2830 CONTINUE ESP04660
C ESP04660
C READ IN ATTACHMENT POINT GEOMETRY ESP04670
C ESP04680

IF(HATEQ.O)GOT02860 ESP04690
READ(11,ATTACH)

DO 2840 I-INAT ESP04700
C READ(11,.)NAS,IAB,NPLA(I).VGA(I),ZLDA(I).,DSK(I) ESPO4710
C NSA(I)-NAS+IAB*NM ESP04720

NSA(I)-NASATCI)+IAbAT(I)*NM
2840 CONTINUE ESP04730

GOT02860 ESP04740
C ESP04760
C IF IRGN w 0, GENERATE WIRE GEOMETRY IN SUBROUTINE WOEOM ESP04760
C ESP04770

2800 CALL WdEOM(IA,IR.XY.Z.NN,NP.NATNSANPLA,VOA,BDSK, ESP04780
2 ZLDA,NVG,VG,ZLD,VV,NPSI1,NS2) KSP04790

28650 CONTINUE ESP04600
IF(IFIL.EQ.t,.AND.NAT.GT.O)TNEN ESP04810
UITE(6,2852) ISP04820

2862 FORMAT(/31, '.EROR: FIllJNNT TESTING CAN NOT HE USED IF I ESP04830
2 'GEOMETRY CONTAINS A WIRE/PLATE ATTAC4MENT'/3X, EOP04840
3 'SET XFIL b 0 IN READ 12) ESP04860

STOP ESP04860
ENDIF ESP04870
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C ESP04860
C PLACE MODES ON THE WIRE SIP04890
C ISP04900

CALL SORT(IA,ID,11,12,13,JA,JDMD,ND,NN,NP.NWR,NAXNXN,ICJ,!NN) ESP04010
RDWI-MAX0(NN,NP,NWR) ESP04920
IF(NDWROGT.IDWE)THEN ESP04930
WRITE(6,336)NDWR ISP04940

331 FORMtAT(l **so** INCREASE PARAMETER IDWR TO AT LEAST 1,14) ESP04960
STOP ESP04960
ENDIF ESP04970

2773 CONTINUE ESP04900
C ESP04990
C DETERMINE ON WHICH PLATES SURFACE PATCH MODES LIE ESP06000
C ESP06010

DO 2048 XI-,NPLTM E9PO6020
CALL WCHPLT(I ,NPLTS,NOPLWDNPLT,!OVTITK, !TDT,MPLAMPLB) ESP06030

2048 CONTINUE ESP06040
NTOTwNWR+NPLTM+NAT ESP06060
IF(NTOT. CT. !TOT)THEN ESPO0606
WRITE (6,334)NTOT ESPOS070

334 FORMNAT(' **-*.. INCREASE PAR.AMETER ITOT TO AT LEAST 1,16) ESPO60SO
STOP ESP06090
ENDIF ESP06100
NI*NPLTM-NVVT4I ESPO6iIO
N2-NPLTM KUPOS120
IY(NOVT.GT.O)THEN ESPOiS13
D0 665 IaN1,N2 ESPOS140

665 IQUAD(I-O ESP06160
ENDIF ESPOBi6O
NZT-(NTDT**2+NTOT) /2 ESP06170
FHZwF?.C*1 .0E6 ESPOSISO

ETA-(376.7.O.) Essosloo
GAMmCMPLX(0.,2.2*P!/WV) ESP06200
XX-2. .PX/WV ESP06210
Qw.OO1*WV ESP05220

IF(NWR.EQ.O)A-Q ESPOS230
C ESPOS240
C SET UIP SLEEVES, NO SLEEVES (1, 0) ON THE SEGMENTS. ESPOS260
C ESP06260

DO 125 I-1,INM ESP06270
ISC(I).0 Espos2so

135 CONTINUE ESP06290
Ir'(NGO.EQ.0)THEN FISP05300

C ESPOS310
C WRITE OUT WIRE/PLATE/OVERLAP GEOMETRY FOR i;S PLOTTING ESP06320
C ESP06330

WRITE(9,.)NPLTS,NPLTM,NN,NP,NWR,NAT.WVNOPL,NOVT ESPOS340
DO 168 Iwl.NP ESPOS360
WRITE(9.)RI)MYI) .ZI) ESPOS360

168 CONTINUE ESPO$370
DO 159 I-1,NN ESPOBS30
WRITE(,.*)IA(I) .X3(I) ESP06390

159 CONTINUE SSPOS400
Dn 161 NPL-1,NPLTS ESP06410

161 WRITE(9,.)NCNRS(NIL) ,IWLII(NPL) ,NPL22(NL) ,NDNPLT(NPL) ,IPN(NFL) ZSP06420
DO 152 !1I,KPLTN ESPOS430
DO 153 J-1.4 ESP06440
WRITE(9,.)PA(I.3.1),PA(!,3,2).PA(I.J,3).PB(I.J~i),PD(I,3,2), 98POS460

2 PS(1,3,3) ESPOS460
163 CONTINUE ESP06470
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152 CONTINUE ISPOS480
DO 156 NPLNI,NPLTS ESPOS490
NCNRuNCNRS (NPL) EIPOSSOC
DO 167 NC-i ,NCNR EspofsIIo
WRITE(9,')PCN(1,NCNPL),PCN(2,NC.NPL),PCN(3,NC,NPL) ZSPO6620

157 CONTINUE ESP05630
186 CONTINUE ESPOS640

DO 166 !im,NOPL ESPOEsso
WRITE(O.)IOVT(Z,±)4IOVT(I2),IOVT(I,3).!OVT(!,4),ITK(r) ZSPOS560

166 CONTINUE ESP06570
ENDIF ESPO6580

C END OKS PL OTT ING OUTPUT ESPOSSOC
IF(NPRINT.NE.0.AND.NPRINT.NE.2)OOTO610 ESPOS600

C ESP05610
C WRITE OUT INPU'T DATA, ESP06620
C ESPOS630

WRITE(6,621)FMC,WV,A,INTPINTh,IN'r,IFIL ISPOS64o
621 FORMAT(/3X.'OHIO STATE UNIVERSITY ELECTRtDMAONET!C SURFACE ' ESPO5660

2 'PATCH (ESP) CODE: VERSION IV' ESP06660
2 //IOX,'INPt'T DATA'//3X.'FRtEQ.(MNZ)-',Fl0.3,3X.'WAIIE(M)=., ESPOS670
2Fl0.3,3X,'lW.PE RADCM) 'f9., ESPO568O
33X,'INTP-',14.3X,'INTD-'.I4,3X,'INT - 1,14.3X.lIP -1.~-,I2) ESPO6690
WRITE(6,623) CMN ESPO6700

623 FORJ4AT(3X.'WIRE CONDUCTIVITY -I.F6.2,' 14EGAMHOS/M') ESP05710
wRrTE(6,3005)IDWR,ITW2,ICN,IPLIAT,XTOT,XDZT,IDZTF.IDMI, iSPS'0720

2 IDZTI ,XD2TFI ,IDMZI ESPOST30
3005 FORMAT(/3XISUMMARY OF ARRAY DIMINSIONSI/3WIDWR - '.14/ ESP05740

2 3X,'ITIJ2 - ',14/3X,'ICN - I.I4/3X,'IPL - 1,14/ ESP0STSO
3 3X,IIAT - ',14/3X,IITOT - ',14/3X,IIDZT - 1,17/ ESP06760
4 3XIIDZTF - 1,14/3X,'IDMI - ',I4/3X,IIDZTI - '.17/ ESPDV7O0
6 3X'IXDZTFI - '.14/3X,'IDMZI - 1,12) ESP05780

WRITE(6,3006)IWRZM, IRDZM ESPOS790
3006 FORMAT(/3X,'MATRIX WRITE AND READ Z FROM DISK INDICATORS:'/ ESPOSGOO

2 3X.'XWRZM - ',12,SX.'IRflZM - 1,12) Espossio
C ESPOS820
C WRITE. Oirr PLATE GEOMETRY -ESPDBS30
C ESPOS840

620 FORMAT(2X.'X.Y.2 COON. (METERS) OF CORNER #,12,' -'3125 spBseso
626 FORMAT(//3X,§COOR. (METERS) OF 1,13.1 MODES ON PLATE ',13,/) 8SPOS86O
526 FOXMAT(//3X,'THERE ARE 1,I3.1 MODES ON PLATE ',13,/) E5P06870
530 FORMAT(3X,'I XAl YAJ ZAI XA2 YA2 ZA2 ',ESPOSS80

2' XA3 YA3 ZA3 XB1 YBI 211 XB2 ',ESPOSS90

3' YB2 232 XL3 YB3 Z83 ')ESPOS900
550 FORI4AT(IX.13,IX,1S(F4.2)) ESPOB910
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VRITE(6,471)NPLTS t8P05920
471 FORMAT(/UM,'GEOMETRY FOR THE '.13.' PLATES')) S09

IF(NPLTS. LE. C)GOTOGIO ESP05940
00 472 NPL-1.NPLTS ISP06950
IF(IREC(NS'L) .EQ,1)WRI'TE(S,473)NPLNCNRS(NPL) ,SEGM(NPL), ISP06960

1 TPK(NPL) ,IOS(NPL) ,ZSHr(NPL) tSPO6970
473 FOR.AT(//26X,'PLATE NUMBER '.13,' (RECTANGULAR)' KSP0~980

1 /3XNIJNBER OF CORNERS 0 '.13/3X,'MAXIHUN SEGMENT SIZE', ISPOSO90
2 21.'(WAVELEOTH) a ',F1O.6/3LI'OLARXIATION INDICATOR - ',I3/3X.18POSOOO
3 'GENERATING SIDE INDICATOR - 1,13/ ESPO&O1O
4 3X,'SNEET IMPEDANCE (DENS/SQ.) ' ,E11.4,l+J 1,E11.4) ESPOO020

IF(IREC(NPL) ,EQ.O)WRITE(8,444)NPL.NCN)tS(NPL) ,SEGM(NPL), ESP00030
I IPN(NPL) ,!GS(NPL) ,Z9HTCNPL) ESP06040

444 FORMATC///26X,IPLATE NMPIER '.13,' (POLYGONAL)' Espoeoso
1 /3X.'NU14ER OF CORNERS - ',13/3X.'MAXIMU4 SEGMENT SI?'E', ESP06060
2 2X,'(WAVELF.NGTH) - ',71023/3X,'POLARXZATION INDICATOR - ',.!V3X,ESP06O0O
3 'GENERATING SIDE INDICATOR -'.13/ ESP06080
4 3X,'SNEE.T IMPEDANCE (ONHMS/PQ.) - ',E11.4,'4.3 1,Eil.4) EsposoGo

DO 474 NCNR-1,NCNRSCNPL) ESP06100
474 WRITE(6.0)20)NCNRPCN(1 NCNRNPL) ,PCN(2.NCNRNPL) ,PCN(3,NCNF,NPL)ESPO6I1O

N3-NDNPLT (NPL' ESP06120

NI-NPL-1 ESP06130
NA-I ESP08140
IF(NPL-OT-1) NA-NDNPLT(N1)+1 ESP0616O
IF(HPL.GT.1) NN-N2-NA+l EspoeIoo
IF(NPL.EQ.1) NN-Nfl ESP060TO
XF(IVR.GE.1)TNEN ESP06180
WRITE (6.526)NN,NPL ESP06190
ELSE ESP06200
WRITE (9.626)NN.NPL ESP06210
aDOIF ESP'06220
IF(IWR.LE.O)GO TO 472 ESP06230
WRI-1.06,31) ESP06240

131 FORKAT(1X.'MONOPOLE MODE 11 Vi 2± X1', ESP06260
I I Y2 Z2 X3 Y3 23 X14' ISP06260

2 - Y4 Z4 1/) ESP06270
DO 541 I-NA.N2 ESPOS280
WJIITE(6,661) IQPA(I,JXK,K-1.3),J-1,4) ESP06290

661 FORMAT (41,' A 1,3X,I3,2Xt12(F9.6)) ESP06300
WRXTE(6,5b2) I,((PSCIJK),K-1,3),J-1.4) ESP'06310

652 FORMAT (41,' B ',3X.I3.2X,12(Fg,6)/) ESP06320
541 CONTINUE ESPOS330
472 CONTINUE ESP06340

C ESP06360
C WRITE OUT OVERLAP MODES ESP06360
C ESP06370

IF (NOVT .EQ. 0) C0T0 810 ESPO6380
IMIO S069
0O 2039 Iml,NOPL ESP06400
IF(XOVT(I.2) EQ. 0) FSPOS410

& Wi1ITE(6,2O31)ITK(I),IOVT(I,1)ýXOVT(I.3),IUVT(I,4) FSPOB420
IF(IOVT(I.4) .EQ. 0) ESP06430

& VRITE(6,2031)ITI((I),IOVT(I,3),XOVTCI,1),IOYT(I,2) ESP00440
IF((IOVT(I,2) .EQ, 0 .OR. IOVT(I,4) .EQ. 0) .AND, ESP06460

& DOVL(I .LT. O-1'VV) WTIITE(6,2032)DOVLI) ESP06460
IF(XOVT(I,2) -9E. 0 .An. IOVT(IX4 K1E. 0)T=m ISPOS470
IP(IWR-LE.0)THEN ZSP06480
W..ITE(6,2033)ITX(l),IOVT(I,1),IOVT(I,2),IOVT(I,3),IOVT(I,4) ESP06490

ELSEIF(IVR.GE. I)TNEN ESPO6600
VRITE(6,203o)ITK((I).IOVT(I.1),IOVT(I,2),IOVT(I.3).IOVT(I.4) ESPO6610
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ENDIFE3816520
E8017 38P06530
I1(IWR *LE. 0 *OR. 173(I) -SO. 0) GOTO 2030 ISPO.540
IMNsN-I+1 33106650
lvkX..MxI.TK(I) ZSP06660
DO 2040 ICTwIMN,lMX 38106570
ZI-NPLTM-NOVT+ICT 18104560

2041 IFC)CT.EQ.IMX)WRlTE(6.631) ES106590
WIITE(6,551)XI,((PA(IX,3,K),K-1,3).3"1,4) 38106600

2040 CONTINUE ESPOS620

2039 CONTINUE ESP04630
2030 fORKAT(//3X,'COORt. (METERS) 0F 1,X.13, OVERLAP MODES', 35P06640

I ' 3TW`EEN'/3X,lPLATE',I3.', SIDE',12,' AND PLATE1,13, 15106660

&', SIDE',12/) E8P06660

2033 FORMAT(//3XTHEXE ARE 1,13,1 OVERLAP MODES', ESP06670
1 8rMTVENl/3X,'PLATE',13'1, SIDE',12,' AND PLATE',!3. E8106680
& ,SIDE',12/) ESP06690

2031 FORMAT(//3X,'COUR. (METERS) OF ',13,' OVERLAP MODES', ESP06700

& ' BETWEEN FACE OF PLATE',13.' AND PLATE ',13,' SIDE 1.12/) ESPOOTIO

2032 FORMATCSX,'.**** WARNING: LENGTN 0F OVERLAP MODE '- E9P06720
& 11310.2,' LESS THAN O.1.WAVELENGTH') 39106730

810 CONTINUE ESP06740

C 1SP0o670
C WRITE OUT LIST OF PLATE SURFACE PATCH MODE LOCATIONS £5106760
C ESP06770

IF(IWR.GE.1)THEN 15106780
WRITE(6,2045) 38106790

2046 FOIIHAT(//3X.ILIST OF PLATES ON WHICH SURFACE PATCH MODES LIE' zsPO680O
2 /4X,'N',3X,'N-NWR',3X1MDN. A',3X,'MDN. B',') ESP06810

D020461L-1 .NPLTM 1SP06820

I=IL+NWR ESP06830
WRITE(6.2047)I,ILMPLA(IL) .MPLB(IL) 35106840

2047 FORHAT(iX,14.3X,14.5I,13,7XI3) 38106860

2046 CONTINUE ESP06860
38017 ESP06870

XF(NPFLINT.NE.I1.AND.NPRINT.NE.2)C0T0620 39106880
lF(KWR.EQ .0)G0TO726 38106890

C 18106900

C WRITE OUT POINTS AND SEGMENTS. 19106910
C ISP06920

WRITEC, 130)NP FSP06930
130 FORMAT(///SX13,1' POINTS ON THlE WIRE (METERS)',/6X,'I',9X, E9P06940

2'X (I)',9X,lY (1)'.9X.'Z (1)',/) E8P06960
D01401-1,NP £5104960
WRIT3(6,115)I.XI) .7(I) ,Z(I) ESP06970

160 FORMAT(3X.13,3(2X.El1.4,2X)) 38106980

140 CONTI NUE E8104990
160 FORMNAT(/I/6X,I3,' SEGMENTS ON THE WIRE',/SX,'J',4X,lIA(J)', 18107000

23X, 'I3(J)0,2X, 'D(3) (METERS) ') 95P07010
WRITt(6,19O)MAX,MIN,YWR I8P07020

100 FORMAT(///61,'N00ES ON THlE WIRE STRUCTUFEI',//61,'MAIIMUM *UKNE M18107030
2 0F MODES AT ONE POINT - ',12/5X,'MINIMIJM NUMBER OF MODES AT ONE P38P07040
30INT - ',12/bX,INUMBER 07 WIRE MODES - ',13/) Is107050

1V(IWR.LE.0)GOTO729 38107040

WRITE (6,200) ES107070
200 FtORMT(/SX.IX,'I21,'1()'.2X,'12(I)',2X1,13(1)',21.,JA(I)',2X, 3SP07080

2'JU(X)' .1) 38707090
D02101-i ,NVR 38107100
WRITZ(6,220)1,11(I),12(I),13(I),JA(I),J8(I) 38107110
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220 FOhJtAT(2X,8(I3i4X)) EUPOT120
210 CONTINUE I5P07130
720 WUITE(6,160)M NISPOV140
230 FOEMAT(//6X.,sEOMENT LENOTHS(M)',/6X,'i',3X,'IA(J)',3X,'I3(J)', E8P07160

29.,'D (3)',) ISPOTlso
DO 70 J-1,NM ES?07170
K.IACj) 18P07180
L-180J) ESP07190
D(J)-SQRT( (X(K)-I(L) )s.2.(Y(K)-Y(L) )..2.(Z(K)-Z(L))..2) ISPO7200

EODwCEXP(GAM*D(a)) 33P07210
SGD(3)"(ECOD-.O/EOD)/2.0 ISPO7220
CGO(J)*(EGODi .O/EGD)/2.0 ESP07230

W7RITE(d,240)3.IA(J).ID(J),D (3) ESP07240
240 FOR14AT(3X.l3,4X,I3,SX,X3,3X,E13.6) ESP07260
70 CONTINUE ESP07260

C ESP07270
C WRITE OUT ATTACHMENT POINT GEOMETRY. ESP07280

C ESP07290
726 IF(NAT.LE.O)COT2620 ESP07300

VRITE(6,560)NAT ESP0731O
560 FORMATC/////3X,'GEOMETRY FOR THE '.12,' ATTACHMENT POINTS)!) ESP07320

WRITE(6,670) ESP07330
670 FORMATC3X.,1 SEGMENT END PLATE 0 (METERS)'/) ESPO7340

DOSIONA-1 .NAT ESP01360
M-D0 956P0360

XF(NSACNA) .GT.NM)NND-1 ESP07370
MMD-NND.1 ESP07380

NAS-NSA(NA)- (IIK-1) .NM ESP07390
WTLITEg(6,B90)tIANASNNDNPLA(NA) ,BDSK(NA) ESP07400

690 FORMAT(2X,12,3X,14,61,I1,51,12,51,F8.6) ESP07410
680 CONTINUE ESP07420
620 CODNINUE ESP07430

WRITE (6,722) ESP07440.
722 FORflAT(//SX.'LISTING OF LOADS AND GENEAATORS'/) ESP07460

D06223-1 ,NM ESP07460
IF(CABS(VG(J)).GT.1.0E-6)WRITE(6,723)VG(J) ,3 ESPOT470
IF(CABS(VG(J)).OT,1.OE-6)IANT-1 ESP07480
IF(CABS(ZLD(3)) .GT.1.OE-6)WUITE(6,624)ZLD(J),J ESPO7490

JJ-J+NMESP0760D

IF(CAIS(VG(33)) .CT.1.OE-6)WRITE(6,826)Vd(JJ), .3 1P07610
IF(CADS(VG(JJ)) .GT.1.OE-6)IANT-1 ESPO1'620
IF(CAB3S(ZLD(JJ)) .GT.1.OE-6)WRITE(d.628)ZLD(J3) .3 ESP07530

723 FORNAkT(3X.2El3.4,' VOLTS BY PT. A OF SEGMENT ',13) ESPOTS40
624 FORMAT(3X,2El3.4,' OHMS BY PT. A OF SEGMENT '.13) ESPOT660
626 FOIU4AT(3X,2E13.4,' VOLTS BY PT. B OF SEGMENT 1.13) ESP07660
820 FORMAT(3X,2E13.4,1 OHMS BY PT. B OF SEGMENT '.13) ESPOTS70
622 CONTINUE ESPO7SBO

D06273-I ,NAT ESPO759O
XF(RAT.OE. 0)C00T627 ESPOT600
IF(CABS(IIGA(J)) .GT.1.OE-6)WRtITE(6,628)VGA(J).a ESPOT6lO
IIV(CABS(YGA(J)) .GT.1.OE-6)IAET-1 ESP07620
I7(CAES(ZLDA(J)).OT.1.0E-6)VPITE(6,629)ZLDA(a),J KSP07630

628 FOXMAT(3X.2E13.4,' VOLTS AT ATTACHMENT -.12) 90P07640
629 PtORNAT(SX.2EI3.4.' OHM~ AT ATTACHMIENT 1,12) K8P07660
627 CONTINUZ ISP07660

WRITK(6 .flS3)lrWRNPLTM,NAT ESP07670
633 VORMAT(//AWNWR - WUMIIER OF WIRE MODES - ',14/SX. ESPOT69O

2 'NPLTM - NMBNER OF PLATE MODES - 1,14/61, 19076900
3 'MIT - NUMBER OF AFACNMENT MODES - 1.14M/ 35907700

l09-C 35907710
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IF(NFS1.GT.O.AND.NFS2.CT.O)ICP-1 3SP07720
IF(ICP.10.0)0O TO 1226 ZUPO7730
WnITE(68.141) 18P07740

141 PO2JiAT(//3X,'DEFINITION OF PORTS FOR MUTUJAL COUPLING DATA'/) ESPO7?BO

NF12NF"O ESPO7V7O
SN-jO ESPOITVB
NsuaFS1 ESP07780

XF(NV.EQ.2)NFS-NFS2 UP07800
D01281.1 ,NWR ESPO78lO
IF(NFS .aT.NN)G0T0129 ESPOVS2O
XF(I2(I) .?E.IA(NF9))G0T0128 LSPOT830
NFM-I ZSPOT840
lyiF( mI.I.NFs)sN--1.O ESPOT6Bo
WRITEC6, 142)NF,NFS ESP07860

142 FORMAT(3X,'PORT 1,12.' IS BY PT. A OF SEOMENT1,14) ESP07870
00T0128 ESPOT68O

129 IF(I2(I) .NE.I8(NFS-NM))GOTO128 ESP07890
NFM.I ESP07900
IF(.7B(I) .9Q.mFs-Nt4)Sm--l.O ESP07910
NFSHM-NFG-NM E5P07920
WRlTE(6, 143)VF,NFSNM ESP07930

143 FObUWT(3X,'PORT 1,12,1 IS BY PT. B OF SEGMENT1,14) ESPO7O4O
128 CONTINUE ESP07960

lF(NFM.CT.O.OR.NAT,EQO)00TO131 ESP07960
001321-1 ,NAT ESP07970
IF(NFS.NE.NSA(I))OCTC132 ESPO7980
NFN-NWR+NPLTM*I ESPO799O
WRZTE(6.144)NF,I ESPOSOOO

144 FORMAT(3X,'PORT ',12,' IS BY ATTACHNKNT',13) ESPOBOlO
132 CONTINUE ESPOS020
131 CONTINUE ESPOS030

IF(NF.EQ. 1)NFMI-NFt4 ESP08040
IF(NV .EQ .2)XF.'i2-NFM ESPOSO6O
IF(NF.EQ.1)SN1iSN ESPOSO60
IF(NF.EQ.2)5N2-SN USP08070

127 CONTINUE V.SPOSOSO
1226 CONTINUE ESPOSOOO
C Espoe100
C WRITE OUT PARAMETERS OF FREQUENCY SWEEP EspoaIIO
C F.SPOS120

IF(INDZI .NE.O)TIIEN ESP00130
WRITE(6,3030)INDZI ,FMCI,FMC2,DFZI,DFF LSPOS140

3030 FORMAT(USX t 'PARAMETERS OF FREQUYENCY SWEEP COMPUTATION'I/ Espoeiso
2 3X,'INTERPOLATION METHOD: INOZI w 1,13/ ESPOS160
2 3X,'BEGINNING FREQUENCY (MHZ) - 1,F9.3/ ESPOO17O
3 3X,'ENDING FREQUENCY (MHZ) - I.79.3/ EspoeiSo
4 3X,IFREQUENCY INTERVAL FOR COMPUTATION OF Z (MHZ) - I.F9.3/ ESP08190
5 3X, 'n=EUENCY IVTEVAL FOR MM FIELD COMPUTATIO2NS (MHZ) - l,FO.3)ESPOB200

IF(IAIS(IRS12) .EQ.1)WRITE(e.3Oe0)THN,PRRD ESPOS210
3080 FORNAT(31.IRADIATION ANGLE: THETA -781' PHI ',61'DIO')EP08220

IF(IADS(IRB12) .EQ.2)WRITE(6,3090)THINC.PHINC &aP08230
3090 FORMAT(31,'INCIDENT ANGLE: THETA ".61' PHI ',G1'DEG') 1SP08240

IW(IABS(13S12) .EQ.2)WUITE(6,3103))TRD,PMHD ESP08260
3100 FORNAT(3X,'SCATTERING ANGLE: ltMETA '.61' PHI UPF.1 508200

V' DEG') 18P08270
ENDIF 15P08280
IF~vGO . Eg.0)000600 UP870290
NFZ-O 153'06300

3010 IF(INDZI.N1.0)THEN ESP08310



NP~mN2.1 SPOS320
FNC-PFlC1.(Nfl- 1) *DZI! ESP08330
WpPI300.O/FMC ESP00340
1Ku2,.*PZ/WV ESP05360
P12Ft4-vCl. .E6 E5P08360
GAM-CKPLX(0.O,XK) ESP00370
Qft.0O01WV ESPOO380
KNDIF SSP06390

C ESP08400
C COMPUTE IMPEDANCE MATRIX ESP08410
C ESPOB420
C READ IN IMPEDANCE MATRIX IF IRDZN NOT ZERO ESP06430

IF(IRDZM.LT. 1)G070631 ESP08440
IF(ZFZL.EQ.O)RBEAD(12)CZT(I),I-1,NZ'r) ESPOS460
IF(!FZL.EQ.1)THEN ESP08460
DO 777 J-1,NTOT ESP08470
DO 777 Imi.NTOT ESPOS480

777 XEAD(i2)ZTP(I..I) ESPOS490
END IF? E5possoo

631 CONTINUE ESJ'08510
!F(IP.DZM. EQ. 3)GOT0276 ESPOO520

C ESPOBS30
C IF A FREQUENCY SWEEP IS BEING MADE SCALE THE IMAGINARY PART OF ESP08640
C THE PLATE SHFET ADMITTANCE. BY THE FREQUENCY ESPOaSS50
C ESPOSSO0

DO636NPL-i,NPLTS ESP08570
ZSHTF(NPL.)-ZSHT (NPL) Espoesso
IF(INDZI ,EQ.O)G070636 ESPOBB90
IF(ABS(AIMAG(ZSNT(NPL))) .LE.1 OE-34)G0T0636 ESPO8eQO
YSHT"1 .O/ZSWT(NPL) ESPO8610
FRATIO-FMC/FMCI ESPOSS20
YSHTF-CNPLX(iEAL(YSHT).FRATIO'AIMAG(YSHT)) ESP08630
ZSHTiF(NPL)*1.O/YSHTF ESP08640

636 CONTINU1E ESPOS85O0
C SUBROUTINE ZTOTZ: COMPUTES IMPEDANCE MATRIX ZT. OR ZTF. AND IS ESP68660
C LOCATED IN ESP4SUBS FORTRAN 35P08670

CALL ZTOTZCIA,IB,INM,ISC,11,12,I3,JA,JB,MD,NIRND, ESPOSESO
2NNM,NP,CGD,EGD,DXY,Z,ZLD,NPLTSNAT,ZS,YRDZM,ZLDA, ESPOSO90
3PA.PBHSA,NPLA,PCN,IPL.IPLM,BDSKZTZTF,NM12N,NN23NICN, EBPCJS000
4MDHPLT,NOVT,INTINTF,ZNTD.CMM,ERVSR,RMINDR.ZAT,IPN, ESPOS7lO
6IQUADNCNRS IFIL,IREC,;CC.IERVSR,PDIST,MPLA.MPLB,PSZZSHTFSEGMX) E8P05720

276 CONTINtfE ESPOS73O
C ESP05740
C IF INDZI - 3, FPORN AND ST0OPS EFFECTIVE INVERSE OF Z ESP08760
C ESPOS760
C IF(INDZXEQ.3)TENE ESPOS770
C Ci(O.)-.OO.O) ISP08780
C ZP(IFIL.EQ.O) CALL SQRCT(ZT,CJ,O,INTDT) 15P08790
C CJ(I)-(1.O,o.O) Espossoo
C IF(IFIL.EQ.1) CALL CROUT(ZTICJIDZTFP1,O,1,NTOT) ISPOSSlO
C ENDIF EUP,082O

IP(INDZI.NE.O)TIIEN ZSP08830
XF(12468 .EQ. O)IZC(NFE)-NFZ ESPOSS40
IF(I246S.EQ. 24dS)TH9N E5P06850
DOS260OIII-1,3 ESP08860
IF(IZC:(III) .EQ.1)TtIEN ESPOSS7O
IZNXT-III EsI'088B0
IZC(UIl)*3 ESPOSS90
ELSE ESPOS900
IZC(!II).IZC(III) -i ESPOS9IO
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ENDIF LI'PO8920
3260 CONTINUE ESP08930

18017 ESPOS940

C IZC(I) - INTERPOLATING POINT NUMBER OF I ENTRY IN ZI OR ZTF AIUUESPOO960
C ESPOS910

0030203-1 ,NiT ESPOSOSO
I7(IYIL.9Q .0)33-3 ESPOOS90

ZP(IIL.E.1)3-1 1P09000
D03020lwJJ.NTUT 1SP09010

IF (IFIL .EQ, 0)THEN ESPOO020
IIJNIJ(X,3,NTOT) ESPOO030
IF(12468.EQ. 0)ZTIN(NFZ ,IJN)-ZT(IJN) ESP09040
IF(1246e.EQ.2468)ZTIN(IZNXT,IJN)-Z'r(I3N) ES2'09060
k.8D IF ESP09060
IF(IFIL.EQ.1.AND.124e8.EQ.0)ZTFIN(NFZ,1,J)-lTF(1IJ) ESPOOCOl
IF(IFIL.EQ.1.AND.124GSEQ.2468)ZTFIN(IZNXTI,J)-ZTV(1,J) ESP09080

3020 CONTINUE ESP09090
ENDIF ESPOV100

C WRtITE OUT IMPEDANCE MATRIX. ESPO09110
IP(IWRZM.LE. 0)G070632 ESPO9120

C OPEN(UNIT=I ,NAME- ZMAT.DAT' ,TY. .~ 'UNKNOWN' ,FORNM- tFORMA'rrPn') ESP09130
IF(IFIL.EQ.0)WRITE(12) (ZT(I) .I-I .NZT) ESPOO140
IF(IFIL.EQ.1)TU{N E.SP09160
D0 778 J-1,NTOT KSPO9I6O
DO 778 I-1 INTOT 18P0917O

7le WRITE(12)ZTF,(I,J) Espooloo
END IF ESP09190

C CLOSE(UNIT-1) ESPO9200
632 CONTINUE USP092"10

IF(IWRZT.GT.0.AN0. I.'L.EQ,0)WRlTE(6,634)FMC ESP09220.
434 FOP'4AT(//3X, 'LOWER TRIANGULAR PART OF SYMMETRIC IMPEDANCE', ESP09230

2 ' '.,"fIX AT ',Fg.3,' (MlHz)'//SX,'I',eX,'a',±2X,'ZaI,a)'/) 11809240-
IF(IWRZT.CT,.0AND.IFIL.EQ.1)VIRITE(6.635)PNC ESP00250

635 FORMA(//5I.'IMFEDANCE MATRIX AT '.79.3.' (MHZ)'// ESP09260
2 6Xl~l6X~l",1X~lZIJl/)E8P09270

D012343"1 .NTO' ESP09280
IF(IFXL.EQ.0)3J3- ESP00290

lF(IFIL.lQ.0.)JJ-1 ESP00300
D012341-'JJ NTOT ESP00310

IF(IFIL.EQ.0)THEN E8P093210
IJN-IJ(I,J,NTOT) ESP09330
IF(IWRý.T.T.O)WSITE(6,1233)1,J,ZT(IJN) ESP09340
END IF 11P09350
IP(IFIL.EQ.1.AND.IWRZT.GT0O.AND.3.EQ.J)WRITE(6,1233)IJ,ZTP(IJ)E3P09360

1233 FORMAT(216.2EiS.5) ESPOO370
1234 CONTINUE 1SP09380

IF(I2468.ED. 246S)G0TO3200 ESP00390
IF(INDZI.NE.O.AND.NFZ.LT.3)G0T03010 ESPO9400
NFJSw0 ESP09410
NFPS-*79+Si ESP00420

3260 CONTINUE 11809430
3050 IF(INDZI.NE.O)TEEN ESP09440

I7(NVFS.EQ.1)T24EN ESPOD460
IF (IRS12 -E.-10.iAND, RF. LT. 0.0) THEN 11800460
Vafl'E(e.3110) I8P09470

3110 FOIU4AT(//3X. 'FREQENCY SWEEP OF ANTENNA IMPEDANCE, ' 1P09460
2 'EFFICIENCY. AND FARt-ZONE GAIN'/ USP0990
2 2X.'F(MHZ)'.12X.'Z1N(0NIKs)'.BX.'1( E77',3X,JGTNETA'.21, ZBP096~00
3 '. GPHI 't2X,'GTIMTA',2X,' OPHI ') 1180951



RIUTECE ,3112) ESP09620
31L2 FOPJ4AT(4SX,'*s#MAG. (D8)..4 **PHASE (DEO)**'/) KSPossac

ZVDIF ESPOO640
IP(1M12.EQ.1.AHD.KF.OE.O.0)THEN ESPOO660
VRTTE(6.31l3)Rr ESP09660

0113 FORI4AT(//3X,'FREQUENCY SWEEP OF ANTENN IMPEDANCE, 'ESPOP57O

2 'EFFICIENCY, AND HEAR-ZONE nAIN'/ ESPOOSBO
3 31,1PATTERA4 KkD!US, RF - 'F1B METERS'/ 95P09590
2 2X,'FO¶NZ)',12X,'ZIN(0N145)'I,'X,% EFF',3X.'GTHETA',2X. ESP09600
3 ' GPHI 1,2W, GRAD ',2X1,GTHETA',2X,) OPHI '.2X1 GRAD E SP09610

VRITE(6,3114) ESPOD620
3114 FORMAT(46X1,'s..ssv.?AG. (05)..smov 006644PNASE (DEG).m4es.') ESP09630

ENWIF ESPO0O40
ENDIF ESPO9660

C ESP09660
C QUADRATIC rNTEAPOLATE ZTXN OR ZTFIN IMPEDANCE MATRIX ARRAYS ESP09670
C TO FIND *fHE IMPEDANCE MATRIX AT THIS FMC ESP09680
C ESP09620

! 12"1 ESP09100
C 3J'ClNDZI.EQ.>I)112-2 ESP09710

DFFT= OF 'S-l)'DI7' ESPOO720
FMC-Ft4CI+DFFT ESP09730

C TYPEo,NTrs,F?4c ESP09740
c RE-COMPUTE P.EQ. DEPENDENT QUANTITIES ESP09760

VY-300.0/FI4C ESPOO760
IK-2.0*P!/WV ESP09770
FIIZ-.FMC. 1 0E6 ESP09700
OAM-C.MPLX(O0,0,XX) ESF09790
0-0.001.WV ESP09800

DO 3180 J-1,NM ESP09810
I( EQ-0O)lI'03180 ESP09820

K-IA(J) ESP09830
L..lBMJ ESP09840

EGO'CEXP (GAM* (3)) ESP69866
.,OOCJ)-(EGD-1 .O/EGD)/2.0 ESP09870
CG0)(J)-(EGD.1 .0/EGD)/2.O ESP0988tn

3100 CONTINUE P-OP09890
c ESP09900

112-1. S0+DFPT/DFZI EspCoggo
IF(112.LT.2)112-2 ESP09920
IF(112.GT.NPZI-1) I20NPZI-1 ESP09930
IP(112.?IE. II2LST)THEN ESP09940
12468-2468 ESPC'50
712L.ST-112 Espoz96
GiOT03010 ESP09970
ENDIF ESPO9960
111-112-1 tSPOO99B
113-112+1 ESpiCooo
D0327011I1,' 3 ESplColo
IFCIZC(IlI) .Eo. 1)33-lIr ESPI 0020
IF(IZC(IiI) .FQ.2)3j2-1II 9SF1003O

3270 CONTINUE S006

EM2-FMCI.(112-1) 'DFZI ESP10070
FM3-FMCI+ (113-1) .DFZI El'sp100&
CLI-ALCC(FMI) Espi.)O9o
CL2213--AL0G(FM2so2/(FN1.F143)) Esploloo
CL21-AL01G(rM42/VN1) ESPIOlIC
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WV1*300. 0/PHI ESPI10120
11(1-2. QePI/WVI 13P10130
WV2w30. 0/1142 116P10140
11(2-2.00'P/WV2 ESPiC150
W3m 300.0/113 ISPIC160
11(3-2. OsPI/WYS IUP1O170
07212-DFZ1'"2 ISPIOIso
EInO.6'(FMC-7142).(FMC-1143)/DFZ12 IspioloO
11.2-- (7140411) *(FHC-7143) /07112 ESPi0200
1L3-0B'*(FNC-FM±Th(714'-712)/D7212 ESP10210
IP(IURZT.CT,0.AND.IFIL.EQ0O)WRITE(6,634)714C E8P10220

IF(IWKZT.CT0,.AND.IFILEQ 1)WNITE(8,635)PMC E5P10230
WYHIN-SOD 0/71402 11P10240
R11-0.0 ESP10250

D030603-1iNTOT ESP10260

IF(11(011.EQ-.2)TI4EN E5P10270

C FIND CENTER C001. OF MODE I ispi02so
IF(3 .LE.NWE)TNEN ESPtO2g0
123-1203) ESPI0300

XCJ-X(123) ESP10310
YC3-1(12J) E9P10320
ZC3-Z(123) E5P10330
END!? ESPIO10M
IF(3.CT.NWRAND.3.LE.NWR*NPL.T1)THEN ESP10350
333M3-NvR E3P10300

XC3-0S.6(PA(333,1,1)+PA(333,4,1)). ESPl0aVO

YC3-0.5.(PA(333,1,2)sPA(333,4,2)) ISPI0380

203-0.5.(PA(333 .1 ,3)+PA(333 .4.3)) ESP10390
END!? 15P10400

I7(3 .0T.NWR+NPLTM)ThEN ESP1D410
333.-N-PLTh-NIJR ESP10420

JSC-NSA(333) E8P10430

I7(350 .LE.NM1) 123-IA(350) E8P10440

17(350.GT.NM1) 123=Th(JSQ-NH) ESP10480
XC3-7(123) E8P10460
YC3-Y(123) E8P10470
ZCJ-Z(123) ESP10480

114017 1SP10490

IMP!?SPISO
17(IFIL.EQ.0)J3-3 zSPIOSIO
I7(IPIL.EQ. 1)33-1 18110520

0030801-33.NTOT ISP 10530

C 1SP10540
C IF 11(011 - 2, FACTOR OUT THE EXP(-3.K.R) DEPENDENCE OF THlE I8110550
o ELEMENTS IN THE IMPEDANCE MATRIX BEFORE INTERPOLATING E3110860
C 18110070

CEXli-(1.0.0.O) E5110550
CEIP2-(i.0,0.0) ESPI0BB0

cEIP3-(i.0,O.0) Kspiosoo
CEXPM--(i.0.0) 18110610
17('INDZI.EQ.2)TIIEN 13P10820

C FIND CENTER COOK. OF MODE I E8110630

I?(I.LE.NW)TIIEN 18110640
123-12(l) umnoos50
ZCI-I (123) 18110600
Y01-1(123) 18110670
ZCI-Z(I23) 18110680
ENDIF Bananag
17(I.0T.NVR.AND.I.LI.KWR+NPLTH)THEN 28110700O
333-I-xnf 18P10710
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XCIgO,.6(PA(3J3J1,1).PA(3JJJ,4.1)) KUP10720
YCI-.6.5(PA(JJJ.1,2)+PA(aJJ.,4,2)) ZSPio73o
ZCI.O.6.(PA(JJa1,13)+PA(JJJ.,43)) ESPI074C0
ENDIF ZsP1O?6O
IF(!.dT.WV~tWPLTM)THEK EsP10760
IJi-!I-N1LTM-NVR ISP1O.7VO
JSGmNSA(3JJ) hSPI6780
ZF(JSU .Lr~.NM)123ZIA(JSG) Kspiolo0
IF(JSO .0T.NM) 12.-ID (JSG-MM) EspIOSOO
XCI-X(12J) IS;PIoelo
YCI-Y(12J) ESPIO820
ZCINZ(12J) KSPIOSO0
ED40U ESPIOU40
~I4IJ-QRT((XCJ-XCI)..2+(YCJ-YCz)..2.(ZCJ-ZCI)*.2) Espioeso

CEXPIMCEXP(-XJO(XXI-X12)eftIJ) ispioslo
CEXP2wCEXP(-XJ*(XK2-XK2)*RIJi) ESPO0580
CEXP3-CEXP(-XJ*(XK3-XK2)*RIJ) 18?10890
CEXPXI-CEXP(-I3j (XK-XK2) .RIJ) ESPI0900
UNDIF EsploglO
ENDIlF ESPI0920
IF(IFIL.EQ.O)THENf ISPIOP30

IJN-1J(Z ,J,NTDT) ESP10940
FAC1"CEXP1 1fl'iO980
FAC2-CLXP2' E8pl09oo
FAC3.CEXP3 iSP1og7o
PACK-CEXPK ESP010980
ZT(I.'N)-EL1.ZTYW(J31 ,7IN)/FACI+EL2.ZTIN(J32,IJN)/VAC24 ESPI0290

2 IL3*ZTIN(J33JPJ~)/FAC3 ESP11000
Zi(IJN)"ZT(!jN)-FACi( Esp~lolo
1O(IND21,EQ,2.Af.')RIJ/WvNIN.LE.0.5O1.AND.X.LE.Wrd.fl.ND.J.LE.NVR) ESPI1020

2 TME 15ZP11030
XXXI-AINAG(ZTIN(J.31,IjN)) ESPI1040
IXX%2-AM~AQ(ZTlNCJJ2, IJW) E8pi108)
XXX3-A!MiG(1TINCJ33,IjN)) ESP11060,
BOD- (XX1X3-2,0-1112*1X1~)/CL2213 F.SP1IO?6.
CCC- (XXX2-XXlI-BBB.CL21)/il /0SP1Z0
AAA.XX~I-BBB*CLI-CCC*FM1 ESPIO090
X1XXAAA+BBB*ALOO CPMC)4-CCC*FMC Espi1100
ZT(ZIJN)-CMPLX(UIALC'Zf(IJE) ,XXX) Espillio

EXDIFESP!1120
IP(T'AftZTT.0T,)WRITE(6.1233)1,3,ZT(IJN) WSI11130
END IF ESPI1140
ZP(IFIlL.EQ.I)THEW 95piiiB')
FACi-CEXPI sp~liGdo
FAC2mCEXP2 Isp11170
FAC3-CEXP3 ISP 11180
PACX-CUXPI Isp 11190
ZwP(z,.)-n±.*Z1FIN~ja1,)/FACI+EL2'TPX.N(JJ2,1.J)/FAC2* ESPIA200

2 IL3*ZTF1ZN(JJ3,1,J)/FAC3 ESPIL210
zTvCI,3)wZT?(I ,3).FACK 18P11220
IF(INDZI.EQ.2.AND.tI3/WVVI4N.LF.O.W01)THEN ESP11230
X7(flMZT.OT,0)VRITE(6.1233)1,J,ZTV(1,J) ESPIL240
XU11-AIM0(ZTFINC3J1l.J .)) ESPI1250
XXX2u11t4A0(ZTFIN(J32I,I .)) ESPI1260
XXXuAIKAG(ZTVIN(J33.,I .)) ISpi1270
UB- (IXX3-2. O.1112.lXIa) /CL2213 KSPI1280

CCC-(XXl2-XXXI-BBBOCL21)/DFZI ESP11290
kAAA-XXI1-flDDCL1-CCC*FN1 ISPiIL30
XII-AAI+BB*ALOO (FHC) .CCC*FlIC ESPIi310
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ZTF(z.a)oCMPLX(PzAL(ZTp(113)),1XIX) ESP11320
ENDIF ESP1A330
XPIF(!lZT.0IT.0)WRITE(8,1233)Z.,3ZTF(Z.J) ESPI1340
EJDXF ESP1 1350

3060 CONTINUE ESPI1360
VNIF ESPI137~0
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C ESPIL380
C COM4PUTE COUPLING BETWEEN TWO WIRE PORTS IsptisoG
C ZOP11400

IF(ICP.EQ .1) CALL COUPLE(ZTIZTF,NFM1 ,NFM2,SNI,SN2 ,112,Vi ISP) 1410
2 NTOTIFILIICC) IEPI 1420
!P(ISCAT.OE.1) COTO 601 ESP11430

C COMPUTE CONSTANT VECTOR k SOLVE SYSTEM ESP11440
IF(IWR.OT.0)WRITE(6,f576) ESPlI460

576 PORMAT(//511'AKTENNA MODAL CUR.R9RSl/31,lMODE' .31, ESPI1460
2 'REL NAG' 6X,'ABS MAO' .SX,'PHASE',IOX.'s.* COMPLEX *.') ESPI1410

IF(IANT.EQ .0)OT06OO ESPI1480
C ESPI1490
C FOR ANTENNA PROBLEMS, SET UP UNS VECTOR ANDj SOLVE FOR CURRENTS ISP 11600
C Esplis161

CALL ANTV(11,12,13.IAIBIWR,JA,.35,NM,ZT,IFIL, l5P11620
k ICC.ZTF,CJP,CG.VG.Y1i,.Z11VIN,NGEN,NWR,NPLIM,NAT,VGA,PIN. ESP1B30
U A,CMMD.D~fISS.GAM.SGD.ZLDZSZLDA.INN.MD.HO.I;SA,I112) ESPI1540

C IF THERE IS ONLY ONE (IENERATOR COMPUTE INPUT IMPEDANCE ESPI1660
C Esp1i67O

ZIN-(O.O,.O.) ESPlISBO
YIH-(-0.0,0O) ESPII690
IF(NGEN.EQ.01THEN ESPII600

ZIN-I.0/YIH 9SP11620
ENDIF ESPI1630
112-2 ESPI1640
PKAD-PIN-DISS ESPI1660
EFF-100.0*PRAD/PIN ESPI1660

C IF(INDZI.EQ,0)WUITE(6.6i13) Yli,Zi1,EFF ESPI1670
613 FORJ4AT(/3X,'INPUT ADMITTANCE(MHOS) - I.FIO.6,' J ',F1O.6/ ESPliOBO

2 3W.INPUT IMPEDANCE(OH)4S) - ',FIO.3,' J '.FIO.3/, E5P11690
3 3X,'EFFICIENCY (PERCENT)'- ',F7.3/) ESPI1700

IF(INDZI.EQ.O.AND.NGIN.EQ. 1)WRITE(6,613) YIN,ZIN.EFF ESPI1710
IF(INDZI!.EQ.0.AND.NGEN NE, 1)WRITE(6.614)N6EN.EFF ESP11720

614 FORtNAT(/3X,'INPtJT IMPEDANCE AND ADMITTANCE ONLY COMPUTED IF', ESPiIL3D
WIRE HAS ONE GENERATOR'/3X,'NUMBER OF GENERATORS 1,'14/ Z5P 11740

~3 3X,'EFFICIENCY (PERCENT) - ',F7.3/) ESPI1760
$01 CONTINUE ESPI1760

IP(IFF.NE.i) COTO 699 ISPi 1770
672 FORMAT(//3X,'ANTENNA PROBLEM, ISCAT - ',16) Esp1760
573 FORi(AT(//3X,'BACICSCATTERXNG. ISCAT - .1,1) E5P11790
674 FORMAT(//3X,'BISTATIC SCATTERING. ISCAT w 116) ESPIlOCO
677 FORMAT(//3X, IPOfWARD SCATTERING, ISCAT - '.15) ESPli8lO

IV(ISCA'T.EQ.0)WRITE(6,6T2)I$CAT ESPI183D
IF(ISCAT.9Q.1)WRITE(d,673)ISCAT ESP11840
IF(ISCAT.EQ.2)WRIIE(6,574)ISCAT ESP1186D
IF(ISCAT.ZQ.3)WRITE(G.577)ISCAT ESPII860
ENDIF E8P11870

IF(ISCAT.NE.O)GO TO 601 EBpiISso
C ESPI 1890
C GET INPUT FOR PATTERNS ESPI 1900
CANTENNA PROBLEM ISCAT..0 EIRP11910
C ESP11920

960 OTH-PI/180. 28PI1930
IF (IFE WNE, 0 COTO 901 ZOP11940

C Espi 1960
C PERFORM ELEVATION PLANE RADIATION PLANE PATTERN ESP1IB60
c ESPI197D
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PHImPHWE*DTN tl18
cc NPT~n360/flDPE+.1 .5UP1IOBO
cc INFE-360/ (PTS- 1) ESPI2000

NPTSuELMNO/YND 1.1 .5
CC"*SET ENDPESO, INITIALLY AND CHECK NPTS.OT.l (Air)

XNDFEw0.
IMP(TS, GT. I)ZXNDPE4LRANO/ (NPTS-U)

IEAfl ESP120I0
IP(NPLOTS.OT.OALNDINDZI .EQ.0)WR.ITECS,338)IEA,NPTS,PMFE E8P12020

338 OPDRNAT(11,2(13,1X),2X,F72) ESPt2O3O
I7(INDZI .NE.0)THEN ESPI2040
PHZ-PHJID*DTH ESP120S0
NPTS.'1 ESPI20S0
ENDIF EBP2O7O

DO 903 11l,NPTS ESPLS0B0
CC**SADDED ELNIN TO THETA IN NEXT LINE TO START AT AKU MBS. PT.

flIETA-ELMIH 'DTH +(1-1)'*DTH*XNDFE ESPI20B0
* IFCTNETA.GT.1.00001'PI)THEN ESPI 2100

THETA-2. OPI-THETA ESPI2110
lFCI9999 .NE. 9999)PHI-I'HI.PI ESPIZ212
19999w9999 ESPI2130
12401F ESPI2140
IF(CINDEX .ME. O)THETA-THRD.DTH ESPLI210

C CALL SORTS(IA,mM,I1,12,I3,NVR,NH,AICGD,SOD,PHZID, ESPI2160
C & 0,I12,ISCAT,ZTF,ZT,IFIL,ICC,ETT,EPP, E5P12170
C & X,Y ,Z,NPLTS,NAT,PA IPD,NSA,NFLA,PCN,DDSK ,IQUAD, ESPI2I80
C & NPLTh,IPLIPLN,CIP,CITETTS,EPPSETPS,EPTB.THETAIPHI,JA,3M, ESPI2lB0
o & SCSP.SCST,SPPM,BPTMBTPH,BTTN,IMAQE,ICN,NDNPLT) E8P12200ý

CALL SORTIN(IA,1BI1,I2,13,NWR,NH,A,CGD,SOD,FHZ,.D ESPI2210
I ,1i2,XSCAT,ZTP,IT,IFILICC,ETTEPPINTP,INTD, E8P12220
& XY,ZNPLTSNA7 ,PAPMNSA ,NPLA ,PCNDDSK, IQUAD. ESPi223O
& NPLTN,IPL,IPLM,CJP,CJT,ETTS,EPPSIETPS,EPTSITHETAPNI,JA,JB. E8P12240
& SCSPSCST,SPPN,SPTMSTPN,STTNI IHACE,ICN,NDNPLT, ESMt22S
& RPIEXN,,EYNELN ,EXT,EYT,EZT,EXP ,EYP,EZP .181W,ETRS ,EPRS,STRN,SPRN) ZIPI2260
PETCI)wPHS(flTTS) ESP12270
PEP(I)bPNS(EPPS) E9P12280
ETECI)-CANS(ETTS)*.2/((1.O,0.0)s30.O.PIN) ESPI2290
EPE(I)-CABS(EPPS)"'2/((1 .O,O.0)'30.OsPIN) ESPI2300
AETuAMP(ETECI)) ESP12310
AEPoAHP(EPE(I)) ESP12320

AIRt-0. ESP12330
Pfl(I-u.0 ESP12340
1FCRF.OT.00O)TNEN ESPI2360
PERMI-PHSCERIS) 18P12380
ME (1) -CABS (ERRS).2/(CM.O0.0. ) *3.0*PIN) MUM231
AIR-AMPCERE(I)) 15P12380
311017 ESPI2390
1F(NPLOTS.GT.C.AND.INDZI.EQ.0)WRITE(8,333)DB(AET) ,PET(I), WOPW40

2 DD(AEP),PEP(I).DD(AEA) .918(I) ESP12410
v 11-1 ESP12420

903 CONTINUE ESPL2430
IF(XNDZI.NE.0.AND.RI¾LT.0.0)TIIEN 15P12440
IIRITE(6,3120)FNC.ZIN,EPP.DB(AET).DD(AEP).PET(II),POP(zz) F-OP12460

a WflTE(10.3±25)PNC,ZIN,Efl,DD(AET) ,DD(AEP) ,PETr(U),PEP(IX) ZSP12460
3120 FORXKAT(11,F9.3,21,E10.4,' J '.E10.4,2X,76.1.2(21,76.2), 1SP12470

2 2(21,76.1)) ESP12480
3126 PONNAT(lX,F9.3.21,110.4,21,EZO.4,21,P8.1,2(2I,FS.2), 18912400

2 2(2X,76.1)) 35P12500
GOT03070 LSP12blO
UDIF 1SP12520
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1PINDZI.NEO.AN.RF.GE.0.0)THEN 38P12530
WRITE(6,3121i)FNCZIN,37v,DI(AET) .03CM?) ,03(AEE. 35P12540

2 PET(I1),13P(II),13R(II) 35112550
flIThU10,3126)FHC,ZIN,EFF,D3(AET) ,D3(AEP) ,D3(AER), 15P12660

2 PET(UI),PIICII),PKR(II) 35P12670
3121 PORJ4AT(1X,F9.3,21,E10.4,' 1 I',E1O.4,21j6d.1,3C21,F6.2), 3SP12580

2 3(2X,76.1)) 35112690
3126 FORNAT(IX,79.3,2X,E1O.4,2X,310.4,2X,76.1,3(21,76.2), 151126000

2 3(2X,?6.i)) 15712610
00703070 35P12262
END!? ESP12630
11CR?. 1.30. 0)TNEN 35P12040

VRITEC6,904) PIFE 35112650
904 FORMAT(///.' FAR-ZONE GAIN ELEVATION PLANE PATTERN. PHI -'.P6.1. E9112660

2 ' DEG.'/) EP1±2670
WRXTE(6,902) ESP12680

902 FORMATC' (DEG) **NAG (08)o' *PHASE (DEG)*'/ E3P12090
2 ' THE3TA GT7513T 01(1 OTNETA CPHI'/) ESP12700

ELSE 13112710
VRITE(6,804) RF,PHFE E9P12720

804 FORNAT(//,' NEARL-ZONE GAIN ELEVATION4 PLANE PATTERN.'/3X, ESP12730
2 '3 - ',7i1.6,1X,'NETERS PIN-'6., DEC.'/) 13P12740
VRITECOGfl05) 15712760

SOB FOIMWA( (D30) **-***HAG (DR)-ss.'.s. *****PHASE (DG'.s'/3P12760
2 ' THETA OTNETA 0111! OR OTHETA 0181 OR) 35127.70

3)401? 15112780
DO 906 I"1,NPTS 3SP12790

OCen*ADDED ELt4IN IN NEXT LINE TO START AT ARD. 039. PT.
XII-ELNIN. (1-0) SNDPE E8P12800
tETuANP(ETE(I)) ESP12810
AEP-ANP(EPE(I)) 39112820
AET-DE (AET) ES112830
ALP-DR (hEY) E8112640
IF(tF. GT. 0.0) THEN 38112860
AER.'ANP(ERECI) ES112860
AIR-OS (AIR) ESP 12870
WRITE(6,807)XII,AET,AEP,AERPETCI),PEPCI),PERCI) 3SP12880

807 ?ORMAT(1X,?5.1,3(21,76.2),3(2X,78.1)) 35112890
[ELSE £8112900

WRITECC,907) XIII.AET,AEI,PET(I),PEP(I) 35112910
907 ?ORMAT(iI,FB.1,21,F6.2,2X.?6.2,2X,P6.i,2X,?6.1) 38P12920

ENDIF 38112930
3T(I)'CSQRtT(1 .OE-20+3TE(I)) 38P12940
EPE(I)aCSORTC1 .OE-20*EP3(I)) 38112950
ZF(RP.CT.0.0)ERE(I)-CSQRT(1.03-204311(I)) E8P12960

906 CONTINUE 38P12970
901 CONTINUE E9112980

ZIFIFA RE4. 1) 0070 699 3S112990
C 38113000
C PERFORM AZIHUTH PLANE RADIATION PATTERN E8113010
C 38113020

THETA-THFA'DTH 38113030
CeeNOTE: IN NEXT TWO LINES CHANCED 360 70 AZRANO

NPT5wAZ RAN O/?NDFA+1. ESP513040
CC**'SET INDFAwO. AND CHECK NPTM.GT.1

INDA-C.
IV(NPTS.OT. 1)INDPA-AZRANOJ(N(PTS-1) E5113050
XEA-2 15113060
XF(NPLOTS.GT.0.AJED.INDZI.3Q.0)VRITE(6,338)XEA,NPT5,T1ITA 15113070

DO 911 Ia1,NPTS 38113080
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CC***ADDED AENIN IN NEXT LINE
PHImAZNIN'DflI +(I-1)'DTh'IXNDFA ESPIS0O0

C CALL. UOtTD(IAl,IN,I1,2,I3,NWRt,NM,A,CGD,SOfl,FNZ,D, 301I3110
O & 0,112,150k7,ZTF,ZT,ZPIL,ICC,ETT,SPP, W013120
O &XIYIZ,NPLTS,NAT,PA,PDNSA,NPLA,PCN,DDSKIQUAD, 38P13130
C &NPLTN,IPL,IPLMIC3P,CJT,ETTB IEPPS,ETPS,EPTS,THETAPH!,JAJM, 35P13140
O & SCSP,UCBT,SPPNSPTNSTI'N,ST1M,IHAC3,ICN,NDNPLT) tspIiiso

CALL SWLT)N(IA,ID,I1,12.13,NWE,NN,A,COD,SOD,PNZ,D, 35P1316
k 0,112,ISCAT,ZTV,ZT,IFIL,ICC.ETT,EPP,INTP,INTD, ESPI31?0
AZY,Z,NpLTS,NATPAPD,NSANPLAPCN,DDSK ,IQUAD, ESP13180
&NPLTN,II'LIPLMCJP,CJT,ETS.3PPS.ETPSEPTS.THETAPHIJA,JD, ESP13lO0
& SCSP,SCST,SPPN,SPTN,STPHISTTH,IMAGE,ICNINDNPLT, E8P13200

* a~ RF,EXN IZYN ,EZN ,EXT,EYT ,EZT,ESP ,EYP,tZt',ERAS ,ETRS,EPRS ,STMSPRN) £SP13210
PET(I)-PJISCETTS) ESP±3220
PEP(I)"PNS(EPPS) E5P13230
ETAZ(IPOCADS(ETTS)"*2/( (1 ,0,0.0P30.O'PIN) ESP13240

*EPAZ(I)-CADSCEPPS)..2/C(l.0,0.0P'30.0'PIN) ESP13260
AET-ANPCETAZCI)) ESP13260
AEP-AMP(EPAZCI)) ESP13270

AER-O.C ESP13280
PU(I)-0.0 ESP13290
IF(ROGT.0.0)THEN E8P13300
PfRl()-PHS(ERAS) E8P13310
3RAZ(I)-CABS(ERASP"*2/((1.0.0.0P'30.0'PIN) ZSP13320
Afl-AHP(HEAZ(I)) ESP1333O
ENDIE ESP13340
IF(NPLOTS.GT.0.AND-INDZI.EQ.0)WRITE(8,333)DD(AET) ,PET(I) * ESPI33S0

2 DICAIP) ,PEflI) ,fl(AEE .PER(I) E3P13360
911 CON'TIRtT ESP133?0

IF(RFt.LE.0.0)TNEN ESP13380
WRITE(6,912) THEA ESP13390

g12 EORNAT(////21.'EAR-ZONE GAIN AZIMUTH PLANE PATTERNI. THETA -',FG.1E5P13400
2,' DE0.'/) .E3P13410

WRITE(6,905) 30P13420
906 FORAT(' (flEG) "*HAG (DSP"* *PHASE (DEC)*'/ ESP13430

2 ' PHI OTHETA oGl4I CTHETA GPHI'/) ESPI3440
C WRITE(6,914) E5P13460
0914 FORMAT(' PHIMfEO) UTNETACO) OPHIM(flU)) ESP13460

ELSE EP37

WMITE(6,80S) RFTHFA ESP13480
808 FORMAT(///.' NEAR-ZONE GAIN AZIMUTH PLANE PATTEUN.'/3X, ESP13490

2 '3 - ',l.PI.5X,iIMETERS THETA -',rS.1,' DEG./) ESP13500
WAITE(6, 809) ESP13EIC

009 IORMAT(' (DEG) ******AG (fB)*..nn** ""'0PHASE (DEC)'-./ E3P13520
2 ' PHI UTNETA OPHI CR OTHETA OPHI OR,) 30P13630

ENDIF ESP13640
D0 913 Ii ,N(PTS ESPi3650
XII-AZXNIN(1-1)*XNiDFA
AET-ANP(37AZ(I)) 99P13570
AEP-AP(SPAZWf) 3SP13580

AETaDS AST) 35,13590
ASP-OS (AEP) 9SP13600
IP(V.CaT.0.0)TWE NSPI3G10
AEA-AMflfE(I)) 38P13820
AgROS (AIR) 301I3630
VRZITE(6,607)XII.AET,AEP,AEI,PET(I) ,PEP(I) ,PR(I) Esp13640
31.8 ESP13660

UIAzTE(6,907) flI.AIT,AEP,PET(I).PEP(I) ESP13OS0
IND11 ESP13670
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KTAL(I)wCSQXT(1 .OE-20+ETAZ(I)) 921013680

lPAZ(I)&CSQYIT(1 .0E-2O+KPhZ(I)) EDPI3690
ZKAZ(!) -CSQRT(I. .05-20+EfAZ (2)) ESP13700

913 CONTINUE ISPI3710
00T0599 9SPP1320

601 CONTZNTJ ESP13730
C E9SP13740

C BlACK OR DISTATIC OR1 FORWARD SCATTERING ISCAT I 1ORt 2 ORt S. SBP13750
C ESP13160

IFCINDZI .EQ.O)?IIEN ESP13770
1F(k?.LE.0.O)WIRflE(6 721) USP13780

721 FORMAT (3X, 'PAR- ZONE PATTERN') ESP13YOO
IP(RF.GT.O.O)WRtlTE(6,731)ftF ESP13000

731 FORMAT(3X,'NEAR-ZONE PATTERI~i Rt - ',I.)ESP13810
I?(IMAGE.EQ. 1)WEITE(6,14) ESP13820

714 POKWAT(31,11MAGE WAVE INCLUDED') ESP13830
XF(ISCAT.EQ.2)VEITE(6,713)THIN,PHXN ESP13840

713 POftAT(3X,'THETA INC.(DEO.) - ',F6.i/3X,'PHl XNC.(DEG.) -',P6.IESPI386O
2 /1) ESPI3860

ELSE IF(NFFS.EQ.i) THEN ESPI3870
IF(IP.S12.EQ.-2)VN.17E(6,714) ESP13880

WUITE(6132Ci0) ESP13800

3200 FOR14AT(//3X,'PREQMECY SWEEP OF TARGOET RICS 7ESP13900
2 12X1*4*0.'.. MAO, (O5/M**2) oss-1' ESP13k10
3 SX,.-00se.' PHASE (DEC) *.....'../ EPP13920
4 2X,'F(t0Z)'.4X,'STTV,4X,'SPPM',4X,'STPM',4X,'SPTM', ESP13930
5 S1,'STTfl,4XISPPMH,4XISTPMH,4XISPTM'/) ESP13940

LNDIF ESP13960
ISPia ESP139.60

DTH-P /180. 0 ESP13 to

C 112-1 ESP13980
IEA-1 ESP13990
IM(SE .E0.0)COT0216 ESP14006
PNDG-PHSE ESP14010
PANG-iHiDG ZSPi4620
NANG-O .6+ (ELP.ANG/PNDSE) ESP14030

ANGRANwELRANG
00TD917 ZSP14040

918 IEA-2 ESP14060
IY(ISA .EQ.0)GOT0916 nSP14O60
THDG-THSA ESP14070
PANG-THWG ESP14080
NANG-C. 6+ (AZRANG/PNDSA) ESP14090

ANCILAN-AZIIANa
917 CONTINUE ESP14100

C**TN LINE BELOW SUBSTITUTED At40RAN (DEFINED ABOVE) FOR 360.
CC*'..S9T DANG0-C AND CHECK NANG.GT.0

DANGOO.
IF(MNG10.GT.C)DANG-ANOIWI/NANO ESP14110

ZAI-1 ESP14120
ISP-ISP+l 1 SP14130
IP(ISCAT.EQ.2.AID.IflP.E0.1)liA-0 901±4140

1*2- 1+NANG BSP14150
NPTS-lA2 ESP14160
I?(NPLOTS.GT.O.AilD.lNDZI.EQ,0)WRt1TE(8,S36)IEA,NPTOISCAT, LqI14I?0

2 PAXG.TIIINPHIN E9SP14ISO
338 IOIU4AT(1.3(13,1I),3(7.2,21)) ESPI4190

ZF(INDZI. U.N.)XA2-1 ESPI4200
CeeNEW LINES TO IMPLEMENT CONSTANT VISTATIC ANGLE OPTIflN (TARGET RO0T.)
C**IT IS'ASSUMED THAT THEl REFERENCE ANGLE 1S THE BISECTOR DIP THEl
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C**3ISTATIC ANGLE. NOTE THAT THE SUM OF THE INCIDENT AND OUTGOING
C**ANOLES DIVIDED BY 2 GIVES THE TARGET ROTATION ANGLE.

DANODWO.
I7(NPTHIS.OT. 1)DANG5-DANOR0/(NPT3IS-1)
DO 1920 1918.1 INPTSIS

IF(THISC.EQ . )WRITE(8,9278)XIUS TUrN
9278 FORIIAT(1X,1I5IS"',14.' THIN-IP12.3)

DO 701 ZANG.IA1,1A2 3SP14210
CALL GETCP2(ICPUB)
CPU-ICPUBI-CPU
WRITE(6,9662) IAWGCPU

9552 FORMAT(1XOIlANG-',I4,2X,ICPU-',111.2,2X,'SEC.5 )
CC**ADDED ELNIN,AZMIN TO THDGPHOG IN NEXT TWO LINES

IF(IEA.EQ. 1)THDG.ELNIN.(IANG-l)'DANG E8P14220
IF(IEA.EQ.2)PHDG.AZMIN.(IANG-1)sDANG 38914230

IF(IDISC.EQ.1 .AND.IEA.EQ.1)THDG-BSETA/2.+DANGB.(IB!S-1)
* IF(IBISC.EQ.1.AND.IEA.ZQ.2)PHflO-BETA/2.+OANGB.(IDIS-1)

THETA-THDG.DTH ESP14240
PHI-PHOG*DTH ESP14260

IF(ISCAT.LE.2) ISCT-ISCAT ESP14260
IF(IANO.EQ.0)ISCT-1 ESP14270
I7(IANO .EQ.O)THETA-THIN*DTN ESPI4290
IP(IANG.EQ.0)PHI-PHIMODTA 38914290.

C IF(IWE.GT.O.AMD.XSCT.EQ.1)IJRITE(6,676) E8914300
111-1 E59143lo
IF(ISCAT.EQ .3) 111-2 38P14320
DO711IIS-1,111 38914330
IF(ISCAT.LE.2)00TO716 35P14340
IF(IS.EQ.1)THEN ESPI4350
IF(THDG.GT. 180.O)THWGI..THDG-180.0 ESP14360
IF(THDG.LE. 180.0)THDGI-THDG+180.O 39914370,
PHDCI-PIIDG 38914380
THETA-THOGI .0TH ESP14390
PHI-PHDGI .0TH 359P14400
ENDIF ESP14410
IF(II5 EQ. 2)TIIEN ESP14420
THETA-THDC*DTH 38P14430
PNI-PHDG*DTH ESP14440
ENDIF E8P14460
ISCT-IIS ESP14460

716 CONTIHU£ 39S14470
79(INDZI.H.O)TIIEN 38P144800
IF(IANG.EQ.0)THEN 38914490
THETA-THINC-NDTH 18914500
PHI-PHINCsOTH 38914610
38019 E8914520
IF(IANG .EQ. 1)TIIEN 3SP14530
THETA.THRD*DTH 38P14540

*PHI.PHlD*DTN 38914560
ENDIF 38P14660
ENDIF E8914670

C 38914680
C INSURE THAT (THETA,PHI) IS IN THE PROPER RANGE 38914590
C 38P14600

THETAP-THETA ES914610
PIIIPWPHI 35914620
THDGO-ITiEUA9TH 38914630
PNDGG-PHIP/DTH 38914640
I?(THMTA.GT. 1.00001*PI)T HEN ZS914660
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TTkI7P*2 .0PI-THETA ESP14680
PHIPNPM!41l PSP14670
IP(PMIP.GT.2.O0000±.PI)PNIP-PHIP-2.O.PI ESP14680
THDGOO"TIETAP/DTH ESP14690
PHDGOmPHIP/DTH ESP14700
MNir ESP14710

C TYPKIXII,THETA/DTH,P)(Z/0TH,THETAP/DTltPHZP/DTH ESP14720
1111 7ORJKAT(X,410.3) ESP14730
C CALL SORTU(IAI3,11,12.13INWKINM,A,CGD,SQDFHZD, ESP14740
C & IWil,112,IBCT,ZTI,17,ZPIL,ICC,ETT,EPP. ESP14760
C A X,7 ,Z,NPLTS,NATPA,PB ,NSA,NPLA,PCN,BDSK,XQUAfl, ESP14760
C A NPLTNIPL,IPLI.CJP,CJT,ZTS,EPPS.ETPS,EflSThETAP,PHIP,JA.Jfl, EIP14770'
C & SCSP,SCST,SPPM,SPTrI,STPM,STTN,fltAGE.ICN,NDNPLT) ESP14780

CALL SORTUN(1AIB,11,?2.13,NWR,t4 ,A,CGD.SOD,F)I2.D, ESP14190
& IWR1, IIISCT,ZTF,ZT,!IPLICC,ETTEPP, IN7TP,l IT, ESPI4800
& X,Y,Z,NPLTS ,NATPA,PB,13A ,NPLA,PCN BS.30 X QUAD, ESP14810
& NPLTh.IPL,IPLM,CJP,CJr,ETTS,EPPS ,EThS ,EPTS,THETAP,1411P,JA, 3D, ESP'14820
A SCSPSCSTSPPMSPTI1,STPMSTTMIMAGEICNNDNPLT. ESP14830
A NI,EXN,EYN.E1.?4EXT,EYT,EZTEXP,EYPEZPETUS ,ETRS.EPRS ,STh)4,SPRM) ESP14840

711 CONTINUE ESP14860
IF(IANG.EQ .0)GOT0701 ESP14860

710 FORJ4AT(lX.FlO.2.2X,2E20.6) ESP14870
712 FORMAT(//3X,'SCATM ING PARAMETERS') ESP14880
175 FORNAT(2X,' TIIETA-',FIO.2.' PHI-IF1O.2.1 SPPM-',E20.6, ESP14890

2' STTN-',120.6.1 IN SQUM~-WAVES') ESP14900
176 FORIEAT(2X,)SPPM-'.E20.6.' 03 OVER lWAVELENGTH-SQUARED') ESP14910
173 FORMAT(X.'STTN-',E20.6.' DO OVER VAVELENGTH-SQUARED') ESPL4920

PTTI-BTAN2(AZNAO(E2"TS) ,RE.L(ETTS))*180.0/PI ESP14930
PHPPSBTAN2(AIMAQ(EPPS) ,R1AL(EPPS))s1S0.0/PX ESP14940
PHTP-BTAN2(AIMAO(ETPS) ,REAL(ETPS)).180*O/PI ESP14960
PHPTDBTAN2CAIMAG(EPTS) ,REAL(ZPTS)).180.0/PI ESP14960
PHTh-DTA2N2(AIMAO(EThS),REAL(ETRS)).18O.0/PI ESP14970
PJIPRNBTAN2(AIMAO(EPRS) ,NEL(EPRS)).1800./PI ESP149ib
IF(IANG.NE.O.AND.N-PLOTE.OT.O.AND. INDZI .EQ.O)VRITE(8 .333) ESP14990

2 DB(BTTh),PETT DB(SPPM) .PHPP,DB(STPM) ,PHTP.DB(SPTM) ,PHPT, ESPISOOO
3 D3(3714) ,PHTR,OB(SPRM) .PHPR ESPiS01O

333 FORi4AT(6(11.P$,1,1I,7O.M) ZSPIS020
ETAZ(IANO).CMPLX(SQRT(STTM) ,1.OE-20) ESPIS030
EPAZ(IANG)-CMPLT.(SORT(SPPM) .1.01-20) ESPIS040
STTH-D3(STTI4) ESPISOSO
SPPM-DB(SPPM) ESPIS060
STPHMDD(STPM) ESP150?o
SPT~aDO(SPTh) ESP15OSO
SThN.DD(STIN) ES'1,1090
SPRM-DB(SPP.M) EspisIoo
I7(ZAJIG.EQ.O.ANO.INDZI.NE.O)GOTO701 ESP161lO
IF(IANGEQ.1.AND.IKDZI.ME.0)THEN ESP16120
wtITh(6,3190)?NC.STTN,SPPM,STPM.SPThPlrr?,PH'P.PuTP.PHPT ESP16130

3190 VORNAT(11,F8.2.4(2XF6,2),4(2X,VO.i)) ESP161AC
IF(VIP.LT.O.0)WURITE(10.3195)FlIC,STTh.SPPM.STPM,SPTM, ESPIS150

2 PNT7,PHPP,PHTP,PHPT ESPIS160
3195 PORNtATCII,7m.2.4(2XP8.2).4(21.76.1)) ESJ'16170

IP(RF.OE.0.O)VRITE(1O.3196)PNC,STTN.SPPM.STPM.SPTN.SThH,SPRM, ESPIBISO
2 PIITT,PNPP.PHTP,PHPT,PNTR,Pi4PR ESPIS190

3196 FORNATC1Z,FU.2,6(2X,F6,2)/9X,6(2X,16.1)) ESPIS200
0070701 ESPIS210
&26D1P ESP15220
IF(IA"d.EQ.1)THEN It5915230
IF(uF. LE.O. )THEN 38P15240
VRXTE(6,182) ESP16250
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182 POP4IA'rs//2X.l**(DEG)** so CROSS SECTIUN (fl/N..2) 4. SP3I1260
2 '000000 PHASE (DEG) *"...') ZSP15270

WRTITE(6, 161) 18P16280
181 FOPJ4AT(SXOTH PHI 97TH SPPM ETPM 91731 57Th'1 ESP15290

2 1 SPPM STPH SPTH') ISP15300
VWDIF ESPI631O
I1(1? .G7.0. )THEN 53P15320
WRITE(6,17g) E8P15330

ITS) VORMAT(//31's*(DEG). .0.".e NFAR-ZOWJE CROSS SECTION ZP181340
2 'CDB/M..2) ***" 38P15360

WRITE(6,l78) ESPIS360
170 FOPJ4AT(3X,'TH PHI 37TT SPM 37131 filTM 3751', 38116370

a2 ' S15U4') ES8115380
ENDIF 18P15390
ENDIF ESPIS400
IFCIANG.GE.1)THEN ESP16410
XFCRF.LE.O.0)WRIT£(g,183)TH000,PHDOD,STTN,SPPM,STPM, F.9P15420

2 SPTM,PHTTPPPI,PHTP,PHPT ESPI6430
183 FORiIAT(1X,F6.1,IX,F5.1,4(2XF6.2),4(2X,F6.1)) ESPIS440

IF(AF.GT.0.O)WRITE(6, 184)THDGO,PHDGO,STTM,SPPM,STPM, ESPIS450
2 SPTHSTh?1,SPR2M ESPIS460

184 FO RMA T(1X.F6.1,1X,F6.I.6(2XF6.2)) ZSP16470
ENDIF ZSP16480

701 CONTINUE ESPI6490
1920 CONTINUE
C...END OF NEW FIXED BISTATIC ANGL1t OPTION

IFCINDZI .NE.O)G0T03070 E38115600
916 CONTINUE 38116610

IF(IEA.EQ.I)GOCT098 ESP16520
699 CONTINUE 13P16630

.CALL GETCP2(KCPU) ESP16540
cc CPU- OCCPU-JCPU) /100.0 ESP15550

Cpu- (KCPU-JCPU)
WRITE(6,SO8)NRNtJNNVOCPU 18115660

608 FORu4T(//3X.'CPU RUN TIME FOR FRUN',1X,X3,' CEOMETRY',lX, E8P16670
2 13,' - '.P11.2,' SECONDS'/) E3P18680

3070 CONTINUE ESPISS90
IFCINDZI .NE.O)THEN ESP16600
NPFS-NVFS+1 18115610
IF(NVFS. LE.NFF)G0T030S0 ESP15820
ENDIF ESPIS630

800 CONTINUE ESP15640
700 CONTINUE ESPS6680

CALL GETCP2(LCPU) ESPIS660
CPU-(LCPU-ICPU)

cc CPU- (LCPU-XCPU) /100.0 28116670
WRI7E(6,60?)1!PU ESP16680

607 FORMAT(//3X,'TOTAL CPU RUN TIME - ',F11.2,1 SECONDS'/) ZS116690
9374 STOP 18116700

END 38116710
SUBRO2UTINE CETCP(ICPV) K5116720

C CALL TIMES(DATE,TXME,IVCPU.XTCPU) 18116730
ICPU-ITCPU.0 .0013 W151840

END8 ISP1576ý
SUBROUTINE GETCP2 ( CPU)
NEAL NTXMETANUAY(2)
TINEwETIME(TABRA Y)
ICPUaTAMAYW1
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-soscdata file filesame toplnam.ratrplate (wntiltsd plate)

3100-i ,NPRIfTa2,NRUtJgui,N1IOS-i ,I~fta04VIWZTu0,INTw4,XNTPuG,1KTfl-18,
INVR-O,IRONI ,IIL-0,RP--1 .0,TNDZ!-O,

&F W

&PATTRN
ZI"0-,IPVE-1, PND7-3 ,0.PHE-90.0,
IFA-0,XPFA-1,PNDFA-3 ,0,THFAU90.0.
IS~u2,XPSE.1,FNDSE-~3.0,PHSE0,0,.THINw90.0,PH!N-.00,L)UNGO.,
ISA-C, IPSA-i,PWSA-3 .0,TI4SA-90.0,
IDISC-iIETA-120. ,NPTBIS-121,BANOftO--360. I

OW~IRET
FflC-1300.0,CNN'.38.0,AwO.00i,NPLTS*I,

k
kPLATEG
NCW(RS(1)u4,SEGM(1)-0.2,IREC(1)-0,UPN(1)-3,ZCSC1)0,OZSHT(1)w(0,0,0.0),

YP(i)o. ,-.3429,0. ,.3429,
ZKOl-0.a,0.0,0.0,0.0,

hPLATEG

hSAVEZ
IWKZM-0 *IRDZ.M-3,

&VIREAG
1fl43,NP-4,NAT-I ,NFPT-I,NWS1-.0 NFS2.0,
X(t)-0.0.0.0,0.0.-0.3,
Y(1)N-C 010.0,0.0,0.0,
Z(1-0.0 .0 .25 0. 6.0.26,

19(1)-1.21,2,

&GENLOD
IPMN(l)m3,IABS(i)-0,VLOO(1)w(0.0,0.0) ,ZLL(l)..(50,0,0,o),

AATrACH
NASAT(i)-l ,IABAT(i)-0,NPLA(l)-1,
VCA(1).(1.0,0.0).,ZLDA(1)a(0.0,0,0) ,DDSK(1)u0.4,

****data file filename sop4nam.ratrtiltp (tilted plate)

INVIL"O.XhGM"1 ,IFILwO,R~u-1 ,INDZI-0,

&PATTMN
!7E-O,IPfl-i,FnmPE-3.0,PRFnu9o.0,
IUA-O,IPFA-1,7)IFA-3.0.TNFA-90.0,
13g-2,1P5B-i,niIDSE-3.0,PHSE-0.0,THIN-90.0,PHNn-0.0,ELPAucO-.,
ISAwO,XPSA.1,flISA-3.0,THWA.90 .0,
IDISCu1,3ETA-120. ,1PTh15-121,DAIIGRO--360.,
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&PLAIEG

a

OLS3HP4,Ah14WTG

1wth(I)-, 3,4, .
A
4GELkFA

&ATYAC ,A~iNVT-.FS-ONSIo

a ()O00D,,,03

Y( - -. .00000

Z(O-00.0-6,0.60.75
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